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(54) Catalyst for polymerization of alpha-olefins 

(57) The present invention relates to a catalyst for 
polymerization of a-olefin, which comprises: 

an essential component (A) of a transition metal 
compound, 

an essential component (B) of an ion exchangeable 
layer compound except for silicate, or an inorganic 
silicate, and 

an optional component (C) of an organoaluminum 
compound, 



said component (A) being represented by the gen- 
eral tormula (I): 
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Description 
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an essential component (A) of a transition metal compound, 

an essential component (D) of an aluminumoxy compound, an ionic compound capable of reacting with the com- 
ponent (A) so as to convert the component (A) to a cation, or a Lewis acid, and 
an optional component (E) of a fine particle carrier, 

said component (A) being represented by the following general formula (II), (III), (IV), (V) or (VI) included in the 
above general formula (I). 

General formula (II) 



R 7 m 




(ID 



wherein R 1 , R 2 , R 4 and R 5 are independently a hydrogen atom, a hydrocarbon group having 1 to 10 carbon atoms, a 
silicon-containing hydrocarbon group having 1 to 18 carbon atoms or halogenated hydrocarbon group having 1 to 18 
carbon atoms; R 3 and R 6 are independently a saturated or unsaturated divalent hydrocarbon group having 3 to 10 
carbon atoms, which forms a condensed ring in cooperation with each of 5-membered rings to which R 3 and R 6 are 
respectively bonded., with the proviso that at least one of R 3 and R 6 has 5 to 8 carbon atoms and forms a 7- to 10-mem- 
bered condensed ring having at least one unsaturated bond derived from R 3 or R 6 ; R 7 and R 8 are independently a 
hydrocarbon group having 1 to 20 carbon atoms, a halogenated hydrocarbon group having 1 to 20 carbon atoms, an 
oxygen-containing hydrocarbon group having 1 to 20 carbon atoms, an amino group, a nitrogen-containing hydrocarbon 
group having 1 to 20 carbon atoms or a sulfur-containing hydrocarbon group having 1 to 20 carbon atoms with the 
proviso that at least one of R 7 and R 8 is the halogenated hydrocarbon group having 1 to 20 carbon atoms; m and n 
are independently an integer of 0 to 20 with the proviso that m and n are nol 0 at the same time; Q is a bridging group 
of the two 5-membered rings, and is a divalent hydrocarbon group having 1 to 20 carbon atoms, a divalent halogenated 
hydrocarbon group having 1 to 20 carbon atoms, a silylene or an oligosilylene group which may have a hydrocarbon 
group or halogenated hydrocarbon group having 1 to 20 carbon atoms or a germylene group which may have a hy- 
drocarbon group or halogenated hydrocarbon group having 1 to 20 carbon atoms; X and Y are independently a hy- 
drogen atom, a halogen atom, a hydrocarbon group having 1 to 20 carbon atoms, a silicon-containing hydrocarbon 
group having 1 to 20 carbon atoms, a halogenated hydrocarbon group having 1 to 20 carbon atoms, an oxygen- 
containing hydrocarbon group having 1 to 20 carbon atoms, an amino group or a nitrogen-containing hydrocarbon 
group having 1 to 20 carbon atoms; and M is a transition metal selected from the group consisting of elements belonging 
to Group 4-6 of the Periodic Table. 
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R 5 are independently a hydrogen atom, a hydrocarbon group having 1 to 10 carbon atoms, a silicon-containing hydro- 
carbon group having 1 to 18 carbon atoms or a halogenated hydrocarbon group having 1 to 18 carbon atoms R 3 and 
R 6 are independently a saturated or unsaturated divalent hydrocarbon group having 3 to 10 carbon atoms and forms 
a condensed ring in cooperation with 5-membered rings to which R 3 and R 6 are respectively bonded, with the proviso 

5 that at least one of R 3 and R 6 has 5 to 10 carbon atoms and (orms a 7- to 10-membered condensed ring having at 
least one unsaturated bond derived from R 3 or R 6 ; R 7 and R 8 are independently a hydrocarbon group having 1 to 20 
carbon atoms, an oxygen-containing hydrocarbon group having 1 to 20 carbon atoms, an amino group, a nitrogen- 
containing hydrocarbon group having 1 to 20 carbon atoms or a sulfur-containing hydrocarbon group having 1 to 20 
carbon atoms; m and n are independently an integer of 0 to 20 with the proviso that m and n are not 0 at the same 

to time, and when m or n is an integer of not less than 2, the R 7 or the R 8 may be bonded to each other to form a ring; 
Q is a bridging group of the two 5-membered rings, and is a divalent hydrocarbon group having 1 to 20 carbon atoms, 
a divalent halogenated hydrocarbon group having 1 to 20 carbon atoms, a silylene or an oligosilylene group which may 
be substituted with a hydrocarbon group having 1 to 20 carbon atoms or a halogenated hydrocarbon group having 1 
to 20 carbon atoms, or a germylene group which may be substituted with a hydrocarbon group having 1 to 20 carbon 

*5 , atoms or a halogenated hydrocarbon group having 1 to 20 carbon atoms, X and Y are independently a hydrogen atom, 
a halogen atom, a hydrocarbon group having 1 to 20 carbon atoms, a silicon-containing hydrocarbon group having 1 
to 20 carbon atoms, a halogenated hydrocarbon group having 1 to 20 carbon atoms, an oxygen-containing hydrocarbon 
group having 1 to 20 carbon atoms, an amino group or a nitrogen-containing hydrocarbon group having 1 to 20 carbon 
atoms; and M is a transition metal selected from the group consisting of elements belonging to Group 4-6 of the Periodic 

20 Table. 

General formula (V) 

2S 



R 7 m 




45 

wherein R 1 and R 4 are independently a hydrocarbon group having 7 to 12 carbon atoms, a silicon-containing hydro- 
carbon group having 8 to 18 carbon atoms or a halogenated hydrocarbon group having 7 to 1 2 carbon atoms; R 2 and 
R 5 are independently a hydrogen atom, a hydrocarbon group having 1 to 10 carbon atoms, a silicon-containing hydro- 
carbon group having 1 to 18 carbon atoms or a halogenated hydrocarbon group having 1 to 18 carbon atoms: R 3 and 

50 r£ are independently a saturated or unsaturated divalent hydrocarbon group having 3 to 10 carbon atoms and forms 
a condensed ring in cooperation with 5-membered rings to which R 3 and R 6 are respectively bonded, with the proviso 
that at least one of R 3 and R 6 has 5 to 10 carbon atoms and forms a 7- to 10-membered condensed ring having at 
least one unsaturated bond derived from R 3 or R 6 ; R 7 and R 8 are independently a hydrocarbon group having 1 to 20 
carbon atoms, an oxygen-containing hydrocarbon group having 1 to 20 carbon atoms, an amino group, a nitrogen- 

55 containing hydrocarbon group having 1 to 20 carbon atoms or a sulfur-containing hydrocarbon group having 1 to 20 
carbon atoms; m and n are independently an integer of 0 to 20 with the proviso that m and n are not 0 at the same 
time, and when m or n is an integer of not less than 2, the R 7 or the R 8 may be bonded to each other to form a ring; 
O is a bridging group of the two 5-membered rings, and is a divalent hydrocarbon group having 1 to 20 carbon atoms, 
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In a filth aspect ol the present invention, there is provided a novel transition metal compound represented by the 
afore-mentioned general formula (III). 

In a sixth aspect of the present invention, there is provided a novel transition metal compound represented by the 
afore-mentioned general formula (IV). 
5 In a seventh aspect of the present invention, there is provided a novel transition metal compound represented by 

the afore-mentioned general formula (V). 

In an eighth aspect of the present invention, there is provided a novel transition metal compound represented by 
the afore-mentioned general formula (VI). • 

In a ninth aspect of the present invention, there is provided a catalyst component for polymerization of a-olefin 
io which comprises a transition metal compound represented by the afore-mentioned general formula (II). 

In a tenth aspect of the present invention, there is provided a catalyst component for polymerization of a-olefin 
which comprises a transition metal compound represented by the afore-mentioned general formula (III). 

In an eleventh aspect of the present invention, there is provided a catalyst component for polymerization of a- 
olefin which comprises a transition metal compound represented by the afore-mentioned general formula (IV). 
75 in a twelfth aspect of the present invention, there is provided a catalyst component for polymerization of a-olefin 

which comprises a transition metal compound represented by the afore-mentioned general formula (V). 

In a thirteenth aspect of the present invention, there is provided a catalyst component lor polymerization of a-olefin 
which comprises a transition metal compound represented by the afore-mentioned general formula (VI). 

The present invention is described in detail below. 
20 The catalyst for polymerization ol a-olefin according to the present invention comprises a specific transition metal 

compound (component A) as an essential component. 

First, the component A of transition metal compound is explained below In the present invention, as the transition 
metal compound, there can be used those compounds represented by the general formula (I): 
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In the afore-mentioned general formula (I), A 1 and A 2 are conjugate 5-membered ring ligands with the proviso that 
35 A 1 and A 2 may be the same or different in a molecule and at least one of A 1 and A 2 forms a 7- to 10-membered 
condensed ring including adjacent two carbon atoms of the conjugate 5-membered ring, which condensed ring is 
formed by joining two adjacent substituent groups on the conjugate 5-membered ring. Further, the conjugate 5-mem- 
bered ring ligands represented by A 1 and A 2 may have substituent groups bonded to carbon atoms other than those 
bonded to the group Q. 

40 An typical example of the above conjugate 5-membered ring ligands is a cyclopentadienyl group. The cyclopen- 

tadienyl group may be an unsubstituted one, i.e., "C 5 H 4 -" having four hydrogen atoms, or may be substituted ones in 
which one or more of the hydrogen atoms are substituted by any substituent groups, as described above. 

Examples of the substituent groups are hydrocarbon groups having 1 to 20 carbon atoms, preferably 1 to 1 5 carbon 
atoms. Specific examples of the hydrocarbon groups may include a methyl group, an ethyl group, a propyl group, a 

45 butyl group, a hexyl group, an octyl group, a phenyl group, a naphlhyl group, a butenyl group, a butadienyl group, a 
triphenylcarbyl group or the like. 

The afore-mentioned hydrocarbon groups may be monovalent groups bonded to the cyclopentadienyl group. Fur- 
ther, the two hydrocarbon substituent groups may be bonded with each other at end positions thereof to form a con- 
densed ring. Typical examples of the cyclopentadienyl groups having the condensed ring may include indene, fluorene, 

50 azulene or derivatives thereof. Incidentally, in the present invention, the transition metal compounds used are required 
to have at least one 7- to 10-membered ring as the condensed ring, as described in detail hereinafter. 

As the substituent groups other than the afore-mentioned hydrocarbon groups, there can be exemplified hydro- 
carbon groups containing silicon, oxygen, nitrogen, phosphorus, boron, sulfur or the like. Typical examples of the 
hydrocarbon residues may include a methoxy group, an ethoxy group, a phenoxy group, a furyl group, a trimethylsilyl 

55 group, a diethylamino group, a diphenylamino group, a pyrazolyl group, an indolyl group, a carbazolyl group, a dimeth- 
ylphosphino group, a diphenylphosphino group, a diphenylboron group, a dimethoxyboron group, a thienyl group or 
the like. 

As other substituent groups, there can be exemplified halogen, halogen-containing hydrocarbons or the like. Typical 
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The novel transition metal compound represented by the general formula (II) involves compounds (a) in which the 
5-membered ring ligand having substituent groups R 1 , R 2 and R 3 and the 5-membered ring ligand having substituent 
groups R 4 , R 5 and R 6 are asymmetrical with respect to a plane containing M, X and Y when viewed as to the relative 
positions thereof through the group O, and compounds (b) in which the 5-membered ring ligand having substituent 
groups R 1 , R 2 and R 3 and the 5-membered ring ligand having substituent groups R 4 , R 5 and R 6 are symmetrical with 
respect to a plane containing M, X and Y when viewed as to the relative positions thereof through the group Q. 

In order to produce a-olefm polymers having a high molecular weight and a high melting point, the afore-mentioned 
compounds (a), i.e., the compounds in which the two 5-membered ring ligands do not have a relationship of real and 
mirror images with respect to the plane containing M, X and Y, can be preferably used. Also, in case of use of the novel 
transition metal compound represented by the following general formulae (III), (IV), (V) and (VI). 

In the general formula (II), R\ R 2 , R 4 and R 5 are independently a hydrogen atom, a hydrocarbon group having 1 
to 10 carbon atoms, a silicon-containing hydrocarbon group having 1 to 18 carbon atoms or halogenated hydrocarbon 
group having 1 to 18 carbon atoms, as described above. 

Specific examples of the afore-mentioned hydrocarbon group having 1 to 1 0 carbon atoms may include alkyl groups 
such as methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, n-pentyl, n-hexyl, cyclopropyl, cyclopentyl, 
cyclohexyl or methylcyclohexyl; alkenyl groups such as vinyl, propenyl or cyclohexenyl; aralkyl groups such as benzyl, 
phenylethyl or phenylpropyl; aryl-alkenyl groups such as trans-styryl; aryl groups such as phenyl, tolyl, dimethylphenyl, 
ethylphenyl, trimethylphenyl, 1-naphthyl or 2-naphthyl; or the like. 

Specific examples of the afore-mentioned silicon-containing hydrocarbon atom having 1 to 18 carbon atoms may 
include trialkylsilyl groups such as trimethylsilyl, triethylsilyl or t-butyldimethylsilyl; triarylsilyl groups such as triphenyls- 
ilyl; (alkyl)(aryl)silyl groups such as dimethylphenylsilyl; alkylsilylalkyl groups such as bis(trimethylsilyl)methyl; or the 
like. 

As the afore-mentioned halogen atoms contained in the halogenated hydrocarbon groups having 1 to 18 carbon 
atoms, there can be used a fluorine atom, a chlorine atom, a bromine atom and an iodine atom. In the case where the 
halogen atom contained in the halogenated hydrocarbon group is, for example, a fluorine atom, the fluorine atom can 
be bonded to optional position(s) of the hydrocarbon group. Specific examples of the halogenated hydrocarbon groups 
may include fluoromethyl, difluoromelhyl, Irifluoromelhyl, chloromelhyl, dichloromethyl, trichloromelhyl, bromomethyl, 
dibromomethyl.tfibromomethyl, iodomethyl, 2,2,2-trifluoromethyl, 2,2,1 ,1-tetrafluoioethyl, pentafluoroethyl, pentachlo- 
roethyl, pentafluoropropyl, nonafluorobutyl, trifluorovinyl, 1 ,1 -difluorobenzyl, 1 , 1 ,2,2-tetrafluorophenylethyl, o-, m- or 
p-fluorophenyl, o-, m- or p-chlorophenyl, o-, m- or p-bromophenyl, 2,4-, 3,5-, 2,6- or 2,5-difluorophenyl, 2,4-, 3,5-. 2,6- 
or 2,5-dichlorophenyl, 2,4,6-trifluorophenyl, 2,4,6-trichlorophenyl, pentafluorophenyl, pentachlorophenyl, 4-fluoro- 
naphthyl, 4-chloronaphthyl, 2,4-difluoronaphthyl, hcptafluoro-1 -naphthyl, heptachloro-1 -naphthyl, o-, m- or p-trifluor- 
omethylphenyl, o-, m- or p-trichloromethylphenyl, 2,4-, 3,5-. 2,6- or 2,5-bis(trifluoromethyl)phenyl, 2,4-, 3,5- ; 2,6- or 
2,5-bis(trichloromethyl)phenyI, 2,4,6-tris(trifluoromethyl)phenyl, 4-trifluoromethylnaphthyl, 4-trichloromethylnaphthyl, 
2,4-bis(trifluoromethyl)naphthyl or the like. 

Among them, as the R 1 and R 4 , hydrocarbon groups having 1 to 7 carbon atoms such as methyl, ethyl propyl, 
butyl or benzyl are preferred, and as the R 2 and R 5 , a hydrogen alom is preferred. 
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40 



45 



50 
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* is bonded. The condensed rin 9 ^3 5 " T '^"T^ *» '° WhiCh ^ * °' 
required thai at leas! one of the R3 and RS has 5 to BrlZ J, '° Umbered r.ng. However, it is essentially 
s having a. .east one unsaturated bond denved I orT e TZ'Z^ZTr 3 7 ",'° ring 
rings are 7- to 10-membered rinnc or R . in this case, .t ,s preferred that both of the condensed 

r rocarbon 9roups - » 

as propenylene, 2-butenylene, 3 bTaJZZe l oZen^ " ' , UnSa,Ura,ed hyd ^' b °" groups such 
" eny.ene. 1-hexeny.ene, 2-hexenylene 3 StEJTT?!^ 2 Penten y .ene, 1,3-pen.adienylene, ,,4-pentadi- 
2.4-hexad,eny.ene, 2.5-hexadienyLne 0 r1 SS^^T", M-hexadienylene, 1,5-hexadienylene. 
d.enylene, 1 ,4-pentadienylene or 1 3 5 hexat'rienv ene are nrl ? w ^ ^ P enla ™< h Wene, 1,3-penta- 
are especially preferred "exatnenylene are prelerred, and 1,3-pen.adienylene or 1,4-pentadienylene 

« . a hydrocarbon 9roup hav,n9 1 to 20 — — - 

20 carbon atoms, an amrJg^lZ^SS^SS an h ^8 en ^W"9 hydrocarbon group having , to 
containing hydrocarbon group ha^T^^^TST ^ haW19 1 '° 2 ° Carb0n a *° mS ° r 9 
~ is the halogenated hydrocarbon " " ^ * ' eaS ' ^ °« "» R? and R * 

^exyiormethy.^^ Tr^'' n - h6Xy '' CyC,0pr0py, ' CyC '°P enly '< 

phenylethyl or phenylpropyl arylalkenvl orouos sThZ P cyclohexen y'. aral W 9'oups such as benzyl, 

ethylpneny,, trime.hylpheny., 1 2 naph hv | alZ'T ' ?' 9r ° UPS ^ 35 ^ d -e.hy. P heny, 

alky, groups having 1 ,o /caibon'SS such me hW eth'l ^ £ T^' ^ " ^ ^ 

* cyclopropyl. and aryl groups having 6 to 2 carbon 2 , k " ' " Pr ° Py '' ^ sbu,y| . ,bl "y' <* 

ylphenyt, i -naphthy. or 2-naphthy" are preferred 35 Ph<2ny '' l0 ' yl ' di ™ ,h y ( P b °nW. ^phenyl, trimo.h- 

halogen atom contained in the halogena'ed ZZoar^a^T ^ T ^ ,n ' he case where the 

> be bonded ,o optional positions, of the ISoZS ! n r T " " U ° r ' ne ,he f ' U ° rine a,0m can 
may include fluoromelhyl difluo omethvl ,r Zo o™? h ' h ? P 6XampleS ° f ,he halo 9 enaled hydrocarbon groups 
^om OT e,hy,,^ 

roethyf. pentafluoropropyl, nonafluorobutyl trif.uoro^ penlachl °- 
p-fluorophenyl, o, m- or p-chlorophenyl, o-, m- or p-bromophen 2 4 5 " 2 6 'f,' 6 '^ ,UOro P heny <>-. m- or 
or 2,5-dichlorophenyl, 2.4 6-lrifluoroDhenvl Pdfi.^hi ! , ' ' ' 2 ' 5 - dlflu °r°Phenyl, 2,4-, 3,5- 2,6- 
naphthyl, 4-ch.o P rona y p h,hy, ZA^S^^^^^^^ 1 - P-^h.orophenyl, 4-f,uoro- 
omethylphenyl, o-, m- or p-.richloromethy.phe , 4 5 S T ? ^ p,ach,0ro - 1 ^Pn'W c. m- or p-trifluo, 
2,5-bis(trichlorome.hyl)phenyl 2 4 6-tris(wloramethwnnho' . ^ ? 2 ' 5 - bls " rlfluorome,h yOphenyl, 2,4-, 3,5, 2,6- or 
2.4-bis(.rif.uorome.hyVn ap h^ ^oromethylnaph.hyl, 4-,nchloromethy.naph.hyl, 

groups are preferred 'an o- ,m TpZo^lZ o m o nf hy *° Carbon ^ or chiorinaled hydrocarbon 
especially preferred. P ' iU0rOphenyl ' °"- m " or P-chlorophenyl or o-, m- or p-.rifluorome.hylphenyl are 

™V^L27^ hyd -rbon groups hav,ng 1 to 20 carbon atoms 

methytphenoxy, dLe.hWphenox^ ^S^^^^^ °' ^ ^ ^ such P^enoxy, 
gen-co,a,n,ng heterocyclic groups suchaMuryl group onhe 7e " Pheny ' me,h ° Xy ° r n a Ph.hy.me.hoxy; oxy- 

may S^oS^ ^ ^ 1 * 2 0 carbon atoms 

such as phenylamino or diphenylamino ^""^ ° y ' amin ° ° f die,hy,ami ^ a ^™° groups 

heterocyclic groups such as pyrazo^or Indo^ I "ZZ " (me ' hyl)(pheny " — ■ "itrogen-comaing 

..ero^T^ixro" 

same time. That is, i, is essentia. ,ha, the SivaZ, C^^S^,?^ " " ^ ^ 3 * ^ 
R 7 or R6, and the substi.uent groups R 7 and/or Re a c L h! ! afore-men.ioned substituen. groups 

atoms. ,„ addition, when the integer m or nt noHes than TtfT ^T^ ^ 1 «° 20 Carbon 

an addi.iona, ring. The substi.uent group R 7 a, R* ^ ' J L SlT b ^° nded *° eaCh °' her '° '° rm 

the substituen, groups R 7 or R6 is 9 bon L , the ca *o n a ^ ' , pf' ^ S, "° n °' °' ^ bl " 11 ' S P re ' erred ,hat 
carbon at a-posHion). b ° n al ° mS °' or 1 adjacent .0 the 5-membered ring (the 

In .he general formula (II). Q is a bridging qrouo of the iwn q m 0m h 0 ,»H 

y y 9 oup 01 the two 5-membered rings, and is a divalent hydrocarbon group 
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having 1 to 20 carbon atoms, a silylene or an oligosilylene group which may have a hydrocarbon or halogenated 
hydrocarbon group having 1 to 20 carbon atoms or a germylene group which may have a hydrocarbon group or halo- 
genated hydrocarbon group having 1 to20 carbon atoms. When silylene group or germylene group has two hydrocarbon 
or halogenated hydrocarbon groups, those groups may be bonded to each other io form a ring, 
5 Specific examples of the group Q may include alkylene groups such as methylene, methylmethylene, dimethyl- 

methylene, 1 ,2-ethylene, 1 ,3-trimethylene, 1 .4-tetramethylene, 1 ,2-cyclohexylene or 1 ,4-cyclohexylene; arylalkylene 
groups such as (methyl) (phenyl)methylene or diphenylmethylene; silylene groups; alkylsilylene groups such as meth- 

• - • ylsilylene, dimethylsilylene; diethylsilylene, di(n-propyl)silylene, di(i-propyl)silyleneor di(cyclohexyl)silylene; (alkyl) (ar- 
yl)silylene groups such as methylphenylsilylene or methyltolylsilylene; arylsilylene groups such as diphenylsilylene; 

10 haloalkylsilylene groups such as di(chloromethyl)silylene or di(2-chloroethyl)silylene; (alkyl)(haloalkyl)silylene groups 
such as methyl(4-chlorophenyl)silylene; di(haloalkyl)silylene groups such as di(4-chlorophenyl)silylene or bis 
(3,5-dichlorophenyl)silylene; germylene groups; alkyl germylene groups obtained by substituting germanium for a sil- 
icon atom of the afore-mentioned silylene groups having the to C 20 hydrocarbon groups; alkyl aryl germylene groups 
or aryl germylene groups; or the like. Among them, the silylene groups having the to C 20 hydrocarbon groups or 

15 the germylene groups having the C, to C 20 hydrocarbon groups are preferred, and the alkylsilylene groups, the alkyl 
arylsilylene groups or the arylsilylene groups are especially preferred. 

In the general formula (II), X and Y represent independently a hydrogen atom, a halogen atom, a hydrocarbon 
group having 1 to 20 carbon atoms, silicon-containing hydrocarbon group having l to 20 carbon atoms, a halogenated 
hydrocarbon group having 1 to 20 carbon atoms, an oxygen-containing hydrocarbon group having 1 to 20 carbon 

20 aloms, an amino group or a nilrogen-conlaining hydrocarbon group having 1 lo 20 carbon atoms. 

As the afore-mentioned halogen atoms, there can be used a fluorine atom, a chlorine atom, a bromine atom and 
an iodine atom. As the afore-mentioned hydrocarbon groups having 1 to 20 carbon atoms and the halogenated hydro- 
carbon group having 1 to 20 carbon atoms, there can be exemplified the same hydrocarbon groups and halogenated 
hydrocarbon groups as defined above with respect to the R 7 and R 8 

25 Specific examples of the afore-mentioncd silicon-containing hydrocarbon groups may include trialkylsilylmethyl 

groups such as trimethylsilylmethyl or triethylsilylmethyl; di(alkyl)(aryl)silyl methyl groups such as dimethylphenylsilyl- 
methyl, diethylphenylsilylmethyl, dimethyltolylsilylmethyl; or the like. 

Specific examples of the afore-mentioned oxygen-containing hydrocarbon groups having 1 to 20 carbon atoms 
may include alkoxy groups such as methoxy, ethoxy, propoxy, cyclopropoxy or butoxy; aryloxy groups such as phenoxy, 

30 methylphenoxy, dimethylphenoxy or naphihoxy; arylalkoxy groups such as phenylmethoxy or naphthylmethoxy; or the 
like. 

Specific examples of the afore-mentioned nitrogen-containing hydrocarbon groups having 1 to 20 carbon atoms 
may include alkylamino groups such as methylamino, dimethylamino, ethylamino or diethylamino; arylamino groups 
such as phenylamino or diphenylamino; (alkyl)(aryl)amino groups such as (methyl)(phenyl) amino; or the like. 

35 in the general formula (II), the X and Y are preferably a hydrogen atom, a halogen atom, a hydrocarbon group 

having 1 to 20 carbon atoms or a nitrogen-containing hydrocarbon group having 1 to 20 carbon atoms. Among them, 
the halogen atom, the hydrocarbon group having 1 to 20 carbon atoms or the nitrogen-containing hydrocarbon group 
having 1 to 20 carbon atoms are more preferred. Further, the especially preferred X and Y are a chlorine atom, a methyl 
group, an i-butyl group, a phenyl group, a dimethylamino group and a diethylamino group. 

40 In the general formula (II), M represents a transition metal selected from the group consisting of elements belonging 

to Group 4-6 of the Periodic Table. Among them ; Group 4 transition metals such as titanium, zirconium or hafnium are 
preferred. Further, zirconium or hafnium are more preferred. 

The novel transition metal compounds represented by the general formula (II ) can be produced by optional methods 
according to the kinds of substituent groups or bonding manners thereof. Typically, the transition metal compounds 

45 can be produced through the following reaction scheme. Incidentally, "H 2 R a " and "H 2 R b " in the reaction scheme have 
the following chemical formulae: 



so 



55 
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R 7 m 



10 




R 



H H 



(H 2 R a ) 



»5 



20 



2S 




R- 



R 8 n 



(H 2 R b ) 



H 2 R a + n-C.H 9 Li -* HR Li + CM 



4' '10 



30 



H 2 R b +n-C 4 H g Li 



HR b L, + C 4 H 10 



35 



HR a Li + HR b Li + QCI 2 -> HR a -Q-HR fc + 2LICI 



HR a -Q-HR b + 2(n-C 4 H g Li) -> LiR -Q-LiR. + 2CM 



b ^4 n 10 



40 



LiR a -Q-LiR b + 2rCI 4 



(R a -Q-R b )2rCL + 2LiCL 



45 



SO 
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5 



W 



15 




(III) 



20 

In the general formula (III), R 1 , R 2 , R 4 , R 5 , Q, X, Y and M have the same meanings as defined in the above general 
formula (II), and R 9 , R 10 , R 11 , R 12 , R 13 , R 14 , R 15 and R 16 bonding to 7-membered ring are independently a hydrocarbon 
group having 1 to 20 carbon atoms or a halogenated hydrocarbon group having 1 to 20 carbon atoms. The Ar represents 
an aryl group. However, it is required that at least one of the two 7-membered rings is substituted with the halogenated 

25 hydrocarbon group having 1 to 20 carbon atoms. As the hydrocarbon groups having 1 to 20 carbon atoms or the 
halogenated hydrocarbon groups having 1 to 20 carbon atoms, there can be exemplified the same hydrocarbon groups 
and halogenated hydrocarbon groups as defined above with respect to the general formula (II). Specific examples of 
the aryl groups may include a phenyl group, a naphthyl group, an anthryl group, a phenanthryl group or the like. These 
aryl groups may be substituted by 1 to 5 halogen atoms or halogenated hydrocarbon groups. 

30 Next, the novel transition metal compounds classified into the third group are explained below. The transition metal 

compounds of the third group are represented by the general formula (IV): 



35 



40 



45 



50 




(IV) 



55 |n the general formula (IV), R 1 and R 4 are independently a hydrogen atom, a hydrocarbon group having 1 to 6 

carbon atoms, a silicon-containing hydrocarbon group having 1 to 7 carbon atoms or a halogenated hydrocarbon group 
having 1 to 6 carbon atoms. 

Examples of the afore-mentioned hydrocarbon groups having 1 to 6 carbon atoms may include alkyl groups such 
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As the haloqen atom in thf> afnro.mDnti^ P ^ u«. ... 

may be used .he same a.oms as" de^ib'ed'fth haVi " 9 ' '° 6 Ca *° n a,oms ' lhere 

contained in ,he ha.ogena.ed ^^^TS^STZ ? ^ !" ^ ha '° 9en a '° m 

hydrocarbon groups is that substituted with Enl a Z ? , 06 a ' 0m ' ,he afofe ^en.ioned halogenated 

» ogenated hydLarbon groups ma ndud 'nl^e^dfn^ a LT? n<8, ' here0 '- SpeCifiC 6Xamp,eS °' ,he hal ' 
trich.orome.hyl, bromome.hyl dibroCeTh^ tnfluorome.hyl. chlorome.hyl, dichlorome.hv., 

pen.af.uoroethyl, pen.achloroeZ Jo onron^ ^ ' ,0dometh y'' 2.2,2-trifluoroe.hyl, 2,2,1,1-te.rafluoroe.hyl 
p-ch,oro P heny. y £ m- o P Tomo P C " 4 Ts" 2 7o pTh r?'' lr,f ' UOrOV,nyl ' °"' m " ° f ^^y. - « 

orbuT-Srrr 6 " ^ ^^^^^ 1 ^ 

group having 1 to 18 carbon atoms Specific Z p ° ^ a '° mS ° r 3 hal0 9ena.ed hydrocarbon 

» described in the genera, lormula (|„ " ^ °' SUbS "" Uen,S and R$ ™V *» «he same as those 

atorrl; anX^^ h ~n group having 3 ,0 10 carbon 

condensed ring (ormed by the R3 , a 5 To 12 11 ^-membered nng ,0 which R3 j s bonded . Accordlngly , the 
saturated hydrocarbon groups such a L^XnetZZ^ ^ °' the * ™* M ^ 

" saturated hydrocarbon groups such as Conv ene TZ 7 ' f n ' ame,h V tene « hexame.hy.ene; divalent un- 
1.3-pentadienylene, 1.A-L^^^^ b ^' en !' ^^V'^ 1-pen,eny.ene, 2-pcnteny.cne, 
enylene. 1 ,5-hexadienylene, 2 44^^^ ^^ ?*^ 3-hexeny,ene, 1 ,3-hexadieny,ene, 1,4-hexadi- ■ 
pentamethylene, 1 .3-pen,adieny.e 4 1 ntad fe en ^ t i y S;:::; 3 ' 6 " h , e,<a,neny,ene; ° r ,he " ke A ™"9 
ylene, 1 ,3-pentadienytene or 1 4-pentadienvlen are !l ' f 5 ^^^ a ^ preterred. Further, pen.ame.h- 

30 enylene are especially preterred Pen ' ad ' enylene are more P re,e " 6 * SMI further. 1 ,3-pen.adrenylene or 1,4-pen.ad, 

enylene. 9 ° lhe R ls bonded " ,s ™ r e preferred that the R3 is pentadi- 

* atoms IndZrl'crdtns^ng fn aCS^Tl^ ^ ^ 5 * 8 «*« 

condensed nng formed by the 5 is a 7 to To ™ h Jmembered nng .0 which R6 is bonded . Accord.ngly, the 

saturated hydrocarbon grou s such a pen ^^^^ °' ,he R6 ™* Include <™""» 

drocarbon groups such as 1 -perJJ^^C^wS? " ep,ame,hylene ' d ' valen < -^tura.ed hy- 
2-hexenyl e ne,3-hexen y iene,13-hexadien V leneTrh^H B 1 ' 3 ; pen,ad ' en y ,ene . 1 .4-pen.ad,enylene, 1-hexenylene. 
- ■adienyleneorl.as-h^ 

or 1,3,5-hexatrieny.ene are preferred Fu er .^X^TJSS; ^ - pen,adie ^ ,ene ' ^"P-^-ylene 

« enylene 9 the R IS bonded 11 ,s more preterred that the R 8 is pentadi- 

oxyrc^ing ^Z'gl^TuSM 3 ^ ^ 1 » 20 ~*» — a " 

group hav.ng 1 to^O carbon atoms o'r " I « X^Z n ^T P - an ' , ^ en ^ h9h ^ a ' b0n 
proviso that at leas, one R 8 is present a. a B or 31 h y drocar bon group having 1 to 20 carbon atoms, with the 

» R' and RB of the genera. torm^, V the e 'ma be u ed me'sa" " ^ reSPeC ' *° 5 " membered As tne 
except tor the halogenated hydrocarbon g7oup S ™ Qr ° UPS 85 deSCflbed ,n 9 eneral (") 

In the general formula (IV), m is an inteoer of n to on a „w ^ 
no, toss than 2, the R? or the R 8 may be Sded 0 ach other .0 C rl '° 16 ^ " " ° " 3 " ' n,e9er °' 
of 1 .0 5. more preferably 2 to 5 .n the case whe 2 ITZ Th ° m a " d " afG Pfe,Grabl V an inle 9 er 

« (or a pluranty o, R 8 ) may be the same or dme^nT Th T "7 in ' e9e ' °' 001 ,SSS ,han 2 ' 3 P 1 - 3 '^ °' * 7 
.0 which the R3 is bonded is no, pTC^^l- '° Wh ' Ch ^ ^ " W ,he P ° Si,i ° n °' * 

position of the R E , bu, it is preferred tha th R oMhP R 8 k h a ' 0re - men "° ned de,inilio ^ concerning ,he bonding 
5-membered ring (i.e , carbon atom o - OS iUonT '° " °' lh * R3 ° f ^ ad i acenI 10 ' 
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In the general formula (IV), Q is a bridging group of the two 5-membered rings, and represents a divalent hydro- 
carbon group having 1 to 20 carbon atoms, a silylene or an oligosilylene group which may be substituted with a hy- 
drocarbon group having 1 to 20 carbon atoms or a halogenated hydrocarbon group having 1 to 20 carbon atoms, or 
a germylene group which may be substituted with a hydrocarbon group having 1 to 20 carbon atoms or a halogenated 
5 hydrocarbon group having 1 to 20 carbon atoms. As the Q of the general formula (IV), there may be used the same 
groups as those described in general formula (II). 

In the general formula (IV), X and Y are independently a hydrogen atom, a halogen atom, a hydrocarbon group 
having 1 to 20 carbon atoms, a halogenated hydrocarbon group having 1 to 20 carbon atoms, a silicon<:ontaining 
hydrocarbon group having 1 to 20 carbon atoms, an oxygen-containing hydrocarbon group having 1 to 20 carbon 
10 atoms, an amino group or a nitrogen-containing hydrocarbon group having 1 to 20 carbon atoms. As the X and Y of 
the general formula (IV), there may be used the same groups as those described in general formula (II). 

In the general formula (IV), M is a transition metal selected from the group consisting of elements belonging to 
Group 4-6 of the Periodic Table. As the M of the general formula (IV), there may be used the same transition metals 
as those described in general formula (II). 
is . The novel transition metal compounds represented by the general formula (IV) can be produced by the same 
production method as used for the transition metal compound represented by the general formula (II). 

Next, the novel transition metal compounds classified into the fourth group are explained below. The transition 
metal compounds of the fourth group are represented by the general formula (V): 

20 



R 7 m 




In the general formula (V), R 1 and R 4 are independently a hydrocarbon group having 7 to 12 carbon atoms, a 
silicon-containing hydrocarbon group having 8 to 18 carbon atoms or a halogenated hydrocarbon group having 7 to 
12 carbon atoms. Specific examples of the afore-mentioned R 1 and R 4 may include alkyl groups such as n-heptyl, 

i5 i ,1 ,2,2-tetramethylpropyl, n-octyl, s-octyl, n-nonyl or cyclohexylmethyl; alkenyl groups such as 1 -heptenyl, 2-heptenyl 
or cyclohexenylmethyl; aralkyl groups such as benzyl, 1 -phenylethyl or 2-phenylethyl; aryl groups such as o-, m- or p- 
toiyl or 2,5-dimethylphenyl; or the like. 

Specific examples of the afore-mentioned silicon-containing hydrocarbon group having 8 to 18 carbon atoms may 
include ti ialkylsilyl groups such as tripropylsilyl. tri-n-butylsilyl or tri-t-butylsilyl; (alkyl)(aryl) silyl groups such as dimeth- 

so ylphenylsilyl or methyldiphenylsilyl; alkylsilyl alkyl groups such as tris(trimethylsilyl)methyl; or the like. 

As the halogen atom in the afore-mentioned halogenated hydrocarbon groups having 7 to 1 2 carbon atoms, there 
may be used the same atoms as described with respect to the general formula (II). In case where the halogen atom 
contained in the halogenated hydrocarbon group is, for example, a fluorine atom, the aforc-mcntioncd halogenated 
hydrocarbon groups is that substituted with fluorine atom at optional position thereof. Specific examples of the halo- 

55 genated hydrocarbon groups may include 1 ,1-difluorobenzyl, 1 .1 ,2,2-tetrafluorophenylethyl, 4-fluoronaphthyl ; 4-chlo- 
ronaphthyl, 2,4-difluoronaphthyl, heptafluoro-1 -naphthyl, heptachloro-1 -naphthyl, o-, m- or p-lrifluoromethylphenyl, o-, 
m- or p-trichloromethylphenyl, 2.4-, 3,5-, 2,6- or 2,5-bis(trifluoromethyl)phenyl, 2,4-. 3,5-, 2,6-or 2.5-bis(trichloromelhyl) 
phenyl, 2,4,6-tris(trifluoromethyl)phenyl, 4-trifluoromethylnaphthyl, 4-lrichloromelhylnaphthyl, 2,4-bis (trifluoromethyl) 



EP0 846 696 A 1 

naphthyl or Ihe like. 



group havinp 1 lo 18 carbon am™ L ^ ™1? °Z 9 Ca ' b0n a, ° mS 0r a "atogenaiecJ hydrocarbon 

as described in .he general formula (II, " ^ 9ener3 ' ,M (V) ' ,he ' e may be used ,he same groups 

na4 X^l^^^Z^ T °' —« group 
are respecively bonded, with ,he prol S a« leas. ZTo^TZT" 5M *"* ■« which R3 and R* 
10-membered condensed ring ha Lg a. leas ITllll 5 '° 10 C3rb ° n 3,0ms arid < or ™ a 7- ,o 

genera, formula (V), .here may be used .h^g^SSS^^" " f °' * AS ^ R3 9 " d R6 °' lhe 
In the general formula (\/\ R? o n HR8 2 ^ aescnbed in the general formula (II). 

group hav,ng , ,o 20 carbon a.oL or a slrTon^ 

and R6 o. .he general formula (V), .here may be useT.he ^1 T 9 T ^ 1 *° 20 Carbon a,oms As lhe R? 
for halogenated hydrocarbon groups 9r ° UpS 35 deSCr,bed In ,he 9 enera ' <^mula (II, except 

lhe : ~^ ^ - ° - * ~ i * 5 . , n c aS e ^ 

this case, m and n are no, ;ero a, .he same Ume n P f. V * ' be ' he S3me ° r di,,erenl H °^ver, in 

R' may be bonded to each other toform < i Th ^ZTa^ * " ' n,e9er °' ^ 2 ' 

or R6, but i, is preferred the, the R? or the RS s bonded ,o a -rh 9 T ^ b ° nded '° ^ P OSI,IOfl o( R3 

(i.e. , carbon atom of a-posilion) ^ a '° m 0r R6 ad i ace n< to the 5-membered ring 

car b ^~~ and represents a divalen, hydro- 

carbon group hav,ng 1 fo 20 carbon a.oms o S l^ZT^T^ T MM W " h a h ^ 

germylene group which may be substituted with 2,^1? ^ h3V ' n9 1 *° 20 C3rbon a,oms - or a 

hydrocarbon group having ? ,o 20 carbon atoms s me 0 ^1^,7 1 '? 20 ^ 3, ° mS ° f 3 ha, °9 ena,ed 
groups as described for tha, of the general formula (U, * ™ V be USed ,he same 

3 rr a,om ' a — — 3 -p 

hydrocarbon group hav,ng 1 ,o 20 carbon ^m s a n SZZZXT* I ? 2 ° ^ 3 '° mS ' 3 sl, ' co "™.ain,ng 
atoms, an ammo group or a nitrogen-contain ^^1^^ 9 hydrocarbon 9™P having 1 to 20 carbon 

.he genera, formula (V , there ^^^^^^^7, ' 1* ^ ^ * 3nd Y of 

In the general formula (V, M is a .ranVi.ior ™JT, . ! ? ed '° r ' h ° Se °' ,he 9eneral ,ormula CD- 
Group 4-6 of ,he Periodic Tablets the M of he ge 2^ ^ ° f ^ '° 
as described for that of the general formula (II) ^' m3y be USed ,he same lransili °n metals 

p^S^tSSS^ 9eneral ,ormu,a (V) C3n be p- d - d b v - — 

Next, ,he nove. ,rans,„on me.a, compZds by *» ^ '° fmula « »■ 

compounds of the fif.h group are f^J^^Zl?!^ eXP ' a,ned be '° W ,r3nS '" 0n me,al 
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(VI) 



In the general formula (VI), R\ R 2 , R 4 and R 5 are independently a hydrogen atom, a hydrocarbon group having 

1 to 10 carbon atoms, a silicon-containing hydrocarbon group having 1 to 18 carbon atoms or a halogenated hydro- 
carbon group having 1 to 18 carbon atoms. As Ihe R 1 , R 2 R 4 and R 5 of the general formula (VI), there may be used 
the same groups as described for those of the general formula (II). 

In the general formula (VI), R 3 and R 6 are independently a saturated or unsaturated divalent hydrocarbon group 
having 3 to 10 carbon atoms and forms a condensed ring in cooperation with 5-membered rings to which R 3 and R 6 
are respectively bonded, with the proviso that at least one of R 3 and R 6 has 5 to 8 carbon atoms and forms a 7- to 
10-membered condensed ring having at least one unsaturated bond derived from R 3 or R 6 As the R 3 and R 6 of the 
general formula (Vl) ; there may be used the same groups as described for those of the general formula (II) except for 
halogenated hydrocarbon groups. 

In the general formula (VI), R 7 and R 8 are independently a hydrocarbon group having 1 to 20 carbon atoms, an 
oxygen-containing hydrocarbon group having 1 to 20 carbon atoms, an amino group, a nitrogen-containing hydrocarbon 
group having 1 to 20 carbon atoms or a sulfur-containing hydrocarbon group having 1 to 20 carbon atoms. As the R 7 
and R 8 of the general formula (VI), there may be used the same groups as described for those of the general formula (II). 

In the general formula (VI), Q is a silicon atom, a germanium atom or a tin atom. Among them, a silicon atom and 
a germanium atom are preferred. 

In the general formula (VI), A is a divalent unsaturated hydrocarbon group having 3 to 12 carbon atoms and forms 
a ring in cooperation with the Q to which A is bonded. Specific examples of such unsaturated hydrocarbon groups may 
include divalent unsaturated hydrocarbon groups such as propenylene, butenylene, butadienylene, pentenylene, pen- 
tadienylene, hexenylene, hexadienylene, hexatrienylene or the like. Among them, divalent hydrocarbon groups having 
3 to 5 carbon atoms such as propenylene, butenylene, butadienylene, pentenylene or pentadienylene are preferred. 
Further, butadienylene is more preferred. 

In the general formula (VI), R a is a saturated or unsaturated hydrocarbon group having 1 to 10 carbon atom. 
Specific examples of such unsaturated hydrocarbon groups may include alkyl groups such as methyl, ethyl, n-propyl, 
i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, n-pentyl, n-hexyl, cyclopropyl or cyclopentyl; alkenyl groups such as vinyl, 
propenyl, butenyl, butadienyl, hexenyl or hexadienyl; aralkyl groups such as benzyl, phenylethyl or phenylpropyl; ar- 
ylalkenyl groups such as trans-slyryl, aryl groups such as phenyl, tolyl, dimelhylphenyl, elhylphenyl, trimelhylphenyl, 
1-naphthyl or 2-naphthyl; or the like. Among them, methyl, ethyl, n-propyl, i-propyl, propenyl or butenyl are preferred. 

In the general formula (VI), m and n are independently an integer of 0 to 20. The m and n are preferably an integer 
of 1 to 5. In the case where the m and/or n are an integer of 2 to 20, a plurality of R 7 (or a plurality of R 8 ) may be the 
same or different. However, in this case, m and n are not zero at the same time. In addition, when the m or n is an 
integer of not less than 2, R 7 or R 8 may be bonded to each other to form a ring. The position of R 3 to which the R 7 is 
bonded or the position of R 6 to which the R e is bonded is not particularly restricted, but it is preferred that the R 7 or 
the R 8 is bonded to a carbon atom of R 3 or R 6 adjacent to the 5-membered ring (carbon atom of a-position). The 1 is 
an integer of 0 to 22 ? preferably an integer of 1 to 10, more preferably an integer of 1 to 4. When the 1 is an integer of 

2 to 22, a plurality of R a may be the same or different. Further, when the 1 is an integer of not less than 2, the R a may 
be bonded to each other to form a ring. 
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(Chemical formula) 




(1) methylene bis{1,1 -(2-methyi-4-phenyl-4-hydroazulenyl)| zirconium dichloride; 

(2) methylene bis{1,1 -(4-hydroazulenyl)} zirconium dichloride; 

(3) methylene bis{1,V-(2-methyl-4-hydroazulenyl)} zirconium dichloride; 

(4) methylene bis{1,V-(2,4-dimethyl-4-hydroazulenyl)} zirconium dichloride; 

(5) methylene bis{1,1'-2-ethyl-4-hydroazulenyl)} zirconium dichloride; 

(6) methylene bis{1,V-(2-ethyl-4-methyl-4-hydroazulenyl)} zirconium dichloride; 

(7) methylene bis{1,V-(2-ethyl-4-phenyl-4-hydroazulenyl)} zirconium dichloride; 

(8) methylene bis{1,1'-(2,4,4-trimethyazulenyl)} zirconium dichloride; 

(9) methylene bis{1,1 , -(2-methyl-4,5,6,7,8-pentahydroazulenyl)} zirconium dichloride; 

(10) methylene bis{1 ,1 , -(2-methyl-4-phenyl-4,5,6,7 1 8-pentahydroazulenyl)} zirconium dichloride; 

(11) methylene bis(1 ,V-(4-methyl-4-hydroazulenyl)} zirconium dichloride; 

(12) methylene bis{1 ,V-(4-phenyl-4-hydroazulenyl)} zirconium dichloride; 

(13) methylene bis{1 ,V-(4-isopropyl-4-hydroazulenyl)} zirconium dichloride; 

(14) methylene bis{1,1 , -(4-naphthyl-4-hydroazulenyl)} zirconium dichloride; 
;15) methylene bis{1 , V-(2-phenyf-4-hydroazulenyl)} zirconium dichloride; 
[16) methylene bis{1 , 1'-(2-benzyl-4-hydroazutenyl)} zirconium dichloride; 
;17) methylene bis)1 ,1'-(2-styryl-4-hydroazulenyl)) zirconium dichloride; 
;i8) methylene bisjl ,1'-(2-t-butyl-4-hydroazulenyl)} zirconium dichloride; 
;19) methylene bis(1 ,V-cyclopentacyclooctenyl) zirconium dichloride; 

;20) methylene bisp ,V-(4-methylcyclopentacyclooctenyl)} zirconium dichloride; 

;21) methylene bis{1 , 1'-(4-ethylcyclopentacyclooctenyl)} zirconium dichloride; 

;22) methylene bis{1 ,1'-(4-phenylcyclopcntacyclooctenyl)) zirconium dichloride; 

|23) methylene bis{1 l 1'-(2-elhyl-4-pheny!cyclopentacyclooctenyl)} zirconium dichloride; 

;24) methylene bis)1 ,V-(4-methyl-4,5 ( 6,7 1 8 1 9-hexahydrocyclopentacyclooctenyl)} zirconium dichloride; 

;25) methylene bis(9-bicyclo[8.3.0]trideca-2-methylpentaenyl) zirconium dichloride; 

;26) methylene bis(9-bicyclo[8.3.0]trideca-2,1 2-dimethylpentaenyl) zirconium dichloride; 

;27) methylene bis(9-bicyclo(8.3.0]trideca-2,1 2-dimethyloctahydropentaenyl) zirconium dichloride; 
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(2fl) ethylene b.s{l.r-(4-h y droazulen y l)} zirconium d.chloride- 

(30) ethylene bis{1,V.(2-melhyl-4-hydroazulenyl)} zirconium dichloride 

31 ethylene bis{1.r-(2.4-dimethyl-4-hydroa 2 ulenyl)] zirconium d.chloride 

32 e hy ene bis{1.r- ( 2-methyl-4-phenyl-4-hydroazulenyl,) zirconium dichloride 
(33) ethylene btsllj^-ethy^-r^droazulenyi)} zirconium dichloride 

34) ethylene bis{1 : l'-(2-e.hyl-4-me.hyl-4-h y droazulenyl)} zirconium dichloride 
35 ethylene b.s 1 : r-(2-e.hyl-4-phenyl-4-h y droazulenyl)} zirconium dichloride' 
(36) ethylene b,s{1.V-(2,4,4-trimethylazulenyl)} zirconium dichloride 

S tZlZ ^n l'-t me,hyM ' 5 ' 6 - 7 ' 8 -P en,ah y d ^^'enyl)}zircon l umd,ch.oride; 

39 e h , en b ^ 2 '™ 
(jy) ethylene bis{1 : l -(4-methyl-4-hydroazulenyl)) zirconium dichloride 

(40) ethylene bis{VT-(4-phenyl-4-hydroa2ulenyl)} zirconium dichloride' 

(41) ethylene bis{1,r-(4-isopropyl-4-hydroazulenyl)] zirconium dichloride 
42 ethylene bis{1 ; r-(4-naphthyl-4-hydroazulenyl)J zirconium dichloride ' 

(43) ethylene bis{ 1 : 1 ■-(2-phenyl-4-hydroazulenyl)J zirconium dichloride ' 

(44) ethylene bis{1 : T-(2-benzyl-4-hydroazulenyl)) zirconium dichloride' 

(45) ethylene bis{VT-(2-styryl-4-hydroazulenyl)} zirconium dichloride ' 

(46) ethylene bis{1. r-(2-t-butyl-4-hydroazulenyl)} zirconium dichloride 

(47) ethylene bis(rr-cyclopenlacyclooclenyl) zirconium dichloride 

(48) ethylene bis{1 : V-(4-me.hylc y clopentacyclooctenyl)} zirconium dichloride 
(49 ethylene b,s{ 1 , 1 '-(4-ethylcyclopen.acyclooctenyl)) zirconium dichloride 
50) ethylene bis{1 ! V-(4-phenylcyclopenlacyclooclenyl)} zirconium dichloride 

(51 ethylene b.s{1 : V.(2-elhyl-4-phenylcyclopen.acyclooctenyl)} zirconium dichloride 
52) ethylene b.s 1 ! 1'-(4-me1hyl-4.5,6,7.8.9-hexahydrocyclopen1acyclooctony.)J zirconium dichloride 
53 ethylene b,s 9-b ( cycb[8.3.0].rideca-2-methylpenta e nyl) zirconium dichloride ' 

(54 ethylene b,s (9-bicyclo[8.3.0].r,deca-2,12-d,me,hy,pen,aen y ,) zirconium d.chlonde 
55 ethylene b's 9-b,c y clo[8.3.0J,rideca-2, 12-dimethyloctahydropen.aenyl, zirconium dichloride- 

56) ethylene b.s(9.b,cycb|8. 3 .0]trideca-2-phenyl.12-e.hylpen,aenyl, zirconium dichloride ' 

(57) ethylene (1 -indenyl)l1-(4-hydroazulenyl)} zirconium dichloride 

SI IZZ !I ^^^^"^ -(2-me.hy.-4-hydroazu.enyl), zirconium d.ch.onde; 

ro 1 • f met ? | - 4 ' 5 - ben2oinden y | )» 1 -(2.4-dime.hyl-4-hydroazuleriyl)) zirconium dichloride- 

J e, n n e e 12 ' T'TT^ H 2 — h Vl-4- P hen y ,-4-h y droazuleny.)} zirconl d, oride 
(62 12 ene 4 * yM ,f , 6ny ndenyl)> < 1 -(2-e.hyl-4-hydroazu.enyl)) zirconium dichloride; 

63 

S It !J1f ' ? y | -4-Phenylindenyl)}i1-(4-methyl-4-hydroazu l enyl)J zirconium dichloride 

69 I " 2-Phen y .,nden y i)) { l.(4-phen y i-4-h y droazulen y ,)) zirconium dichloride; 

69 e hy ene 1-(2-propyl-4-phenyl l nden y i)} { l-(4-,sopro Py l-4-h y droazulen y i)) zirconium dichloride- 

(7 1 ) dimeth y imeth y iene bis{ 1 , 1 •-(4-h y droazulen y i)} 2lrC onium dichloride 

(72) d,meth y imeth y iene bis{1 l r-(2-meth y .-4-h y droazulen y i)} zirconium dichloride 
(73 d'meh y ime t h y ienebis { lj--(2,4-dimelh y .-4-h y droazulen y .)} zirconium dichlori 

75 , I " 6,16 1 ! 1 ' 1 "(2- rn elh y .-4-phen y l-4-h y droazulen y i)) zirconium dichloride 
75) dime.hy.me.hy.ene b,s{ 1 , 1 ••(2-e.hyl-4-hydroazulen y i)) zirconium dichloride 

76 dime.hy.me.hy.ene bisf 1 , 1 '-(2- e th y .-4-meth y i-4.h y droazulenyl)) zirconium dichloride- 

78 d^ 

(78 d.methylme.hylene b,s ( 1,r-(2,4,4-lrime.h y lazulen y l)) zirconium dichloride 

(Sol di'rnpih y |' me !h y |' enG h' S J ' ' ^ ' ^ mc '^'"4 , ^'^'^ , ®*P cn * a ^y^ r ^ zu ' er, y i)) zirconium dichloride 

81 d,melh y ime.h y . e neb,s{l ,1 •-(4-me.h y i-4-h y droazulen y i„ zirconium dichloride 
(82 dimethy methylene bis{1 ,1 •-(4-phenyM-hydroazulGnyl)} zirconium dichloride-' 

83 dime hylme.hylene bis{ 1 , 1 '-(4. ( so P ropy.-4-hydroazuleny,)) zirconium dichloride 
(84) dimelhylme.hylene bisf M , (4 -naphth y i-4-h y droazulen y l)} zirconium dichloride ' 



EP 0 846 696 A1 



(85) dimethylmethylene bis{1 , 1*-(2-phenyl-4-hydroazulenyl)} zirconium dichloride; 

(96) dimelhylmethylene bis{l . V-(2-ben7yl-4-hydroazulenyl)} zirconium dichloride; 

(97) dimelhylmethylene bis{1 ,1'-(2-styryl-4-hydroazulenyl)J zirconium dichloride; 

(98) dimelhylmethylene bis(1 , 1'-(2-t-butyl-4-hydroazulenyl)) zirconium dichloride: 

(89) dimelhylmethylene bis(l , V-cyclopentacyclooctenyl) zirconium dichloride; 

(90) dimelhylmethylene bis(1 ,1'-(4-methylcyclopentacyclooctenyl)} zirconium dichloride; 

(91) dimelhylmethylene bis{1,V-(4-ethylcyclopentacyclooctenyl)| zirconium dichloride; 

(92) dimelhylmethylene bis{1 ,V-(4-phenylcyclopentacyclooctenyl)} zirconium dichloride; 

(93) dimelhylmethylene bis{1 ,1'-(2-ethyl-4-phenylcyclopentacyclooctenyl)} zirconium dichloride; 

(94) dimethylmethylene bis{1 ,V-(4-methyl-4,5,6,7,8,9-hexahydrocyclopentacyclooctenyl)) zirconium dichloride; 

(95) dimethylmethylene bis(9-bicyclo[8.3.0]lrideca-2-methyl pentaenyl) zirconium dichloride; 

(96) dimethylmethylene bis(9-bicyclo[8.3.0]trideca-2,12-dimethylpentaenyl) zirconium dichloride; 

(97) dimethylmethylene bis(9-bicyclo[8.3.0]lrideca-2,l2-dimethyloctahydropentaenyl) zirconium dichloride; 

(98) dimethylmethylene bis(9-bicyclo(8.3.0]trideca-2-phenyl, 12-ethylpentaenyl) zirconium dichloride; 

(99) dimelhylmethylene (1 -indenyl)}{1 -(4-hydroazulenyl)} zirconium dichloride; 

(100) dimethylmethylene (1"(2-methyhndenyl)}(1-(2-methyl-4-hydroazulenyl)] zirconium dichloride; 

(101) dimethylmethylene {1-(2-methyl-4 ) 5-benzoindenyl)}{l-(2,4-dimethyl-4-hydroazulenyl)} zirconium dichloride; 

(102) dimethylmethylene . {l-(2-methyl-4-phenylindenyl)){1-(2-methyl-4-phenyl-4-hydroazulenyl)J zirconium 
dichloride; 

(103) dimethylmethylene {1-(2-ethyl-4-phenylindenyl)}{1-(2-ethyl-4-hydroazulenyl)} zirconium dichloride; 

(104) dimethylmethylene {1 -(2,4-dimethylcyclopentadienyl)}{1-(2-ethyl-4-methyl-4-hydroazulenyl)} zirconium 
dichloride; 

(105) dimethylmethylene {1-(2-methyl-4,5-benzoindenyl)}{1-(2-ethyl-4*phenyl-4-hydroazulenyl)} zirconium bichlo- 
ride; 

(106) dimethylmethylene {1 -(2-methyl-4-phenylindenyl)){1 -(2,4,4-trimethylazulenyl)) zirconium dichloride; 

(107) dimethylmethylene (1 -(2-methyltetrahydroindenyl)}{1 -(2-methyl-4,5,6 1 7 t 8-pentahydroazulenyl)} zirconium 
dichloride; 

(108) dimethylmethylene [1 -(4-t-butyl-2-methylcyclopentadienyl)}{1 -(2-methyl-4-phenyl-4,5 I 6 : 7.8-pentahydroazu- 
lenyl)} zirconium dichloride; 

(109) dimethylmethylene {1-(2-ethyl-4-phenylindenyl)}(1-(4-methyl-4-hydroazulenyl)} zirconium dichloride; 

(110) dimethylmethylene {1-(2-phenylindenyl)}{1-(4-phenyl-4-hydroazulenyl)J zirconium dichloride; 

(111) dimethylmethylene {1-(2-propyl-4-phenylindenyl)}{1-(4-isopropyl-4-hydroazulenyi)) zirconium dichloride: 

(112) dimethylmethylene {1 -(2-t-butylindenyl)}(1-(4-naphthyl-4-hydroazulenyl)} zirconium dichloride; 

(113) 2,3-butylene bis(1 ,1'-(2-methyl-4-phenyl-4-hydroazulenyl)} zirconium dichloride; 

(114) dimethylsilylene bis{1 , V-(4-hydroazu1enyl)} zirconium dichloride; 

(115) dimethylsilylene bis{1,1'-(2-methyl-4-hydroazulenyl)} zirconium dichloride; 

(116) dimethylsilylene bis{1,V-(2, 4-dimethyl-4-hydroazulenyl)} zirconium dichloride; 

(1 1 7) dimethylsilylene bis{1 , 1 , -(2-methyl-4-phenyl-4-hydroazulenyl)) zirconium dichloride; 

(118) dimethylsilylene bis{1,1 , -(2-elhyl-4-hydroazulenyl)} zirconium dichloride; 

(119) dimethylsilylene bis{1 , 1 '-(2-ethyl-4-methyl-4-hydroazuleny1)} zirconium dichloride; 

(120) dimethylsilylene bis{1,1'-(2-ethyl-4-phenyl-4-hydroazulenyl)} zirconium dichloride; 

(121) dimethylsilylene bis{1,V- (2,4,4-trimethylazulenyl)} zirconium dichloride; 

(122) dimethylsilylene bis{1,V-(2-methyl-4 1 5,6,7,8-pentahydroazulenyl)} zirconium dichloride; 

(123) dimethylsilylene bis{1 ,1'-(2-methyl-4-phenyl-4, 5,6,7, 8-pentahydroazulenyl)} zirconium dichloride; 

(124) dimethylsilylene bisjl ,V-(4-methyl-4-hydroazulenyl)} zirconium dichloride; 

(125) dimethylsilylene bi${1,V-(4-phenyl-4-hydroazu!enyl)} zirconium dichloride; 

(126) dimethylsilylene bis{1,1'-(4-isopropyl-4-hydroazulenyl)} zirconium dichloride; 

(127) dimethylsilylene bis{1 ,V*(4-naphlhyl-4-hydroazulenyl)} zirconium dichloride; 

(128) dimethylsilylene bis{1,1'-(2-phenyl-4-hydroazulenyl)} zirconium dichloride; 

(129) dimethylsilylene bis{1,1'-(2-benzyl-4-hydroazulenyl)} zirconium dichloride; 

(130) dimethylsilylene bis{1 ,1'-(2-styryl-4 : hydroazulenyl)} zirconium dichloride; 

(131) dimethylsilylene bis{1 , V-(2-t-butyl-4-hydroazulenyl)} zirconium dichloride; 

(132) dimethylsilylene bis(1,1'-cyclopcntacyclooctcnyl) zirconium dichloride; 

(133) dimethylsilylene bis{1 ,1'-(4-methylcyclopentacyc!ooctenyl)} zirconium dichloride; 

(134) dimethylsilylene bis{1, V-(4-ethylcyclopentacyclooctenyl)} zirconium dichloride; 

(135) dimethylsilylene bis{1.1'-(4-phenylcyclopentacyclooctenyl)} zirconium dichloride; 

(136) dimethylsilylene bis{1,V-(2-ethyl-4-phenylcyclopenlacyclooctenyl)} zirconium dichloride; 

(137) dimethylsilylene bisjl 1 1'-(4-melhyl-4, 5,6, 7,8,9-hexahydrocyclopenlacyclooctenyl)) zirconium dichloride; 
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ntl\T J\ ^ S ylene(1 - ,nden ^i l -' 4 " h Vdroa Z ulenyl))zirconiumdichloride ' 
43 d.me hy s y ene {1 .(2. me! hy!ind8ny!))n 

048) d.me.hylsilylene {1 -(2- m e 1 Hy,-4,5. b en Z oindeny,) )( H2-e lhy ,-4-p h eny,-4-hydroazu.eny.„ z,rconium dich.o- 

K dS?! 6 " 6 ST ' r - (2 - me,h y | - 4 - h y droa ^'enyl)} zirconium d,chloride; 
69 d,phen y s y ene b ( s{1,r-(2-me«h y i-4.phenyl-4-h y droazulen y i)} zirconium dichloride- 

73 phenyls Wene b l s{1.r-(2,4,4- t rime.h y lzulen y i)} zirconium dichlonde 

74 d.pheny s , y lene bis{ 1 ,1 •-(2-me.hy 1-4,5,6,7,8-pen.ahydroazulenyl,} zirconium d.chlonde 

84 Z h " k ,S<1 ' 1 -( 2 4 - 4 -« ri ^"y'a 2 ulenyl,] zirconium dichloride; 

S SllTT ST ' 1 '-( 2 - meth V'-4-hydroazu,eny,) } zirconium dichloride; 

89 22?T K b,s 1 ^-(2.4-d l me,hy.-4-hydroazuleny.„ zirconium dichlo ide 

90 d im h! 9 ' 6,16 J* 0 J '-( 2 - me,h y | - 4 -P h enyl-4.hydroazu.eny,), zirconium dichloride- 
(190) dime.hy.germy.ene b,s{1 .1 •-(2- et hy.-4-hydroazuleny l ), zirconium dichloride 
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(191) dimethylgermylene bis{1 ,1'-(2-ethyl-4-methyl-4-hydroazulenyl)} zirconium dichloride; 

(192) dimethylgermylene bis{1 , V-(2-ethyl-4-phenyl-4-hydroa7ulenyl)} zirconium dichloride; 

(1 93) dimethylgermylene bis(1 , 1 '-(2,4,4-inmethylazulenyl)} zirconium dichloride; 

(194) dimethylgermylene bis(1 ,1'-(2-methyl-4. 5.6.7, 8-pentahydroazulenyl)} zirconium dichloride: 

(1 95) dimethylgermylene bis{1 ,1 '-(2-methyl-4-phenyl-4 ; 5 1 6,7,6-pentahydroazulenyl)} zirconium dichloride; 

(1 96) dimethylsilylene bis(1 ,1'-(2-trifluoromethyl-4-phenyl-4-hydroazulenyl)} zirconium dichloride; 

(197) dimethylsilylene bisfl ,1'-(2-ethyl-4-indolyl-4-hydroazulenyl)} zirconium dichloride; 

(198) dimethylsilylene bis{1;1'-(2-ethyl-4-phenoxy"4-hydroa-zulenyl)} zirconium dichloride; 

(199) dimethylsilylene bis{1 ,1'-(2-fluoro-4-pyrazolyl-4-hydroazulenyl)} zirconium dichloride; 

(200) silacyclohexylidene bis{1 ,V-(2-rriethyl-4-phenyl-4-hydroazulenyl)} zirconium dichloride; 

(201) cyclohexylidene bis{1 ,1'-(2-methyl-4-furyl-4-hydroazulenyl)} zirconium dichloride. 

(202) dimethylsilylene bis{1,1'-(2-benzyl-4-phenyl-4, 5,6,7, 8-pentahydroazulenyl)} zirconium dichloride; 

(203) dimethylsilylene bis[1,r-{2-benzyl-4-(4-chlorophenyl)-4,5,6,7,8-pentahydroazulenyl}] zirconium dichloride; 

(204) dimethylsilylene bis[1,1 , -{2-benzyl-4-(4-fluorophenyl)-4 l 5,6,7,8-pentahydroazulenyl}] zirconium dichloride; 

(205) dimethylsilylene bis[1,1'-{2-benzyl-4-(1 -naphthyl)-4, 5,6, 7, 8-pentahydroazulenyl}] zirconium dichloride; 

(206) dimethylsilylene bis[1 ,V-(2-benzyl-4-(2-naphthyl)-4,5,6,7,8-pentahydroazulenyl}J zirconium dichloride; 

(207) dimethylsilylene bisp.l , -(2-benzyl-4-phenyl-7-isopropyl-4 l 5 ) 6,7,8-pentahydroazulenyl)} zirconium dichlo- 
ride; 

(208) dimethylsilylene bis[l,l , -{2-(1-phenylethyl)-4-phenyl-4 ) 5,6 1 7,8-pentahydroazulenyl)} zirconium dichloride; 

(209) dimethylsilylene bis[1 : 1 '-(2-(1 -phenylelhyl)-4-phenyl-7-isopropy!-4, 5,6,7, 8-penlahydroazulenyl)} zirconium 
dichloride; 

(210) 9-silafluorene-9,9-diyl bis(1 ,1 , -(2-methyl-4-phenyl-4 1 5,6, 7, 8-pentahydroazulenyl)} zirconium dichloride; 

(211) 1 -silaindene-1 , 1 -diyl bis{1 , 1 , -(2-methyl-4-phenyl-4,5,6,7,8-penlahydroazulenyl)) zirconium dichloride; 

(212) tetramethyl-1-silacyclopentadiene-1,1-diyl bis(1 ,l , -(2-methyl-4-phenyl-4 ) 5 ( 6,7,8-pentahydroazulenyl)} zir- 
conium dichloride; 

(213) 1-silacyclo-3-pentene-1,1-diyl bis{1 ,V-(2-methyl-4-phenyl-4, 5,6, 7, 8-pentahydroazulenyl)} zirconium dichlo- 
ride; 

(214) dimethylmethylene bis(1 , 1 '-{2-methyt-4-(4-fluorophenyl)-4-hydroazulenyl}] zirconium dichloride; 

(215) dimethylmethylene bis[1 ,1'-{2-methyl-4-(4-chlorophenyl)-44iydroazulenyl}] zirconium dichloride; 

(216) dimethylmethylene bis[1 ,V-{2-methyl-4-(4-trifluoro methylphenyl)-4-hydroazulenyl}] zirconium dichloride; 

(217) ethylene bis[1 ,1 , -{2-methyl-4-(4-fluorophenyl)-4-hydroazulenyl}] zirconium dichloride; 

(218) ethylene bis[1 ,1'-{2-methyl-4-(4-chlorophenyl)-4-hydroazulenyl}] zirconium dichloride: 

(219) ethylene bis[1 ,1'-{2-methyl-4-(4-trifluoromethyl phenyl)-4-hydroazulenyl}] zirconium dichloride; 

(220) trimethylene bis[1 ,1'-(2-methyl-4-(4-fluorophenyl)-4-hydroazulenyl}] zirconium dichloride; 

(221) trimethylene bis[1 ,1'-{2-methyl-4-(4-chlorophenyl)-4-hydroazulenyl}] zirconium dichloride; 

(222) trimethylene bis(1 ,1'-{2-methyl-4-(4-trifluoromethy! phenyl)-4-hydroazulenyl}] zirconium dichloride; 

(223) dimethylsilylene bis{1 ,V-(2-methyl-4-trifluoromethyl-4-hydroazulenyl}] zirconium dichloride; 

(224) dimethylsilylene bis[1,V-{2-methyl-4-(2-fluorophenyl)-4-hydroazulenyl}] zirconium dichloride; 

(225) dimethylsilylene bis[1,1'-{2-methyl-4-(3-fluorophenyl)-4-hydroazulenyl}] zirconium dichloride; 

(226) dimethylsilylene bis[1,V-{2-methyl-4-(4-fluorophenyl)-4-hydroazulenyl}] zirconium dichloride; 

(227) dimethylsilylene bis[1 ,1 , -(2-ethyl-4-(4-fluorophenyl)-4-hydroazuienyl}] zirconium dichloride; 

(228) dimethylsilylene bis[1,V-{2-methyl-4-(2-chlorophenyl)-4-hydroazulenyl}] zirconium dichloride; 

(229) dimethylsilylene bis[1,V-{2-methyl-4-(3-chlorophenyl)-4-hydroazulenyl}] zirconium dichloride; 

(230) dimethylsilylene bis[1,V-{2-methyl-4-(4-chlorophenyl)-4-hydroazulenyl}] zirconium dichloride; 

(231 ) dimethylsilylene bis[ 1 , 1 '-{2-ethyl-4-(4-chlorophenyl)-4-hydroazulenyl}] zirconium dichloride; 

(232) dimethylsilylene bis[1,1'-{2-methyl-4-(2-trifluoromethylphenyl)-4-hydroazulenyl}] zirconium dichloride; 

(233) dimethylsilylene bis[1,V-{2-methyl-4-(3-trifluoromethylphenyl)-4-hydroazulenyl}] zirconium dichloride; 

(234) dimethylsilylene bis[1,1'-{2-methyl-4-(4-trifluoromelhylphenyl)-4-hydroazulenyl}] zirconium dichloride; 

(235) dimethylsilylene bis[1,1'-{2-ethyl-4-(4-trifluoiomethylphenyl)-4-hydroazulenyl}) zirconium dichloride; 

(236) dimethylsilylene bis[1 ,1 , -(2-methyl-4-(2,4-difluorophenyl)-4-hydroazulenyl}] zirconium dichloride; 

(237) dimethylsilylene bis[1,1'-(2-methyl-4-(2,5-difluorophenyl)-4-hydroazulenyl}] zirconium dichloride: 

(238) dimethylsilylene bis[1 , 1'-{2-methyl-4-(2,6-difluorophenyl)-4-hydroazulenyl}] zirconium dichloride; 

(239) dimethylsilylene bis[1 1 1 , -{2-methyl-4-(3,5-difluorophenyl)-4-hydroazulenyl}] zirconium dichloride: 

(240) dimethylsilylene bis[1,1 , -{2-methyl-4-(2 l 4,6-trifluorophenyl)-4-hydroazulenyl}] zirconium dichloride; 

(241) dimethylsilylene [1 -{2-methyl-4-(4-fluorophenyl)-4-hydroazulenyl}] [1-{2-methyl-4-(4-chiorophenyl)-4-hy- 
droazulenyl}] zirconium dichloride; 

(242) dimethylsilylene bis[1 ,1'-{2-methyl-4-(4-fluorophenyl)-6-isopropyl-4-hydroazulenyl}] zirconium dichloride; 

(243) dimethylsilylene bis(1,1 , -{2,8-dimelhyl-4-(4-fluorophenyl)-4-hydroazulenyl}) zirconium dichloride; 
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£3 s; ■;■ !2 2 ':i hy u"!: enyi, - 6 - i wM - hydroa2u,eny, » — **** 

246 dim h ene s ' •" 7d, ' 1"' J? ^^"V'J ^isopropyM-hydro^uleny,)] zirconium dichloride; 
aimein y |SI| yene bis[ 1 . l -{2, 8-dimethyl-4- 4-chlorophenyl)-4-hvdroazulenylH zirconium dirhinrid* 

(248) dimethylsilylene bisflj'^-melhvM-M-trifh.nro rr«th»tohenv" -» i r - 

dichloride ' yipneny.,-, ^o^ropyU-nyaroazuienyl]] zirconium 

SIT " " blSfl ' 1 "-' 2 - et ^'- 4 -^ ri «— 'ny- Pheny,).7-isop r opy,.4 y nUoazu,en yI}] ionium 

(259) (me ,hy,) ( P heny,)s,. y ,ene bis[U W2-e,, lyl -4-(4-ch,o rop . le ny,)-^ 

(260) (me.hyl) ( P heny.)sily,ene bis,1 ,V- {2 .eth y ,-4,4-f. U oropheny.)-7.isopropy|.4-hydroazuleny, )] z,rcon,u m dich.o- 

S^ e,hy,S ' lylene ^'^^ z,rcon,um 
^3) r f™ e,hy,Si,ylene b ' s n^M2. 6 . h y,-4,4,, uor op he ny,).7,scp r opy,-4,5,6,7,8- P en,a h yd r oazu,eny,, ] zirconium 
coSmSSr 6 5,5(1 ' 1 ■■< 2 -^-4-(4-«nn U <xome .hyl pheny„-7,so P ropy,-4,5.6.7.8- P entahydroaz U .eny, }] zi, 
nyOUi~ (1-(2-me,hy,-4.5- b enzoinde- 

fotrX y ~ 

iZ^S { 1-(2-me th y,-4- ph e- 
(26 1) d.methylsilylene bisf 1 , 1 '-{2-benzyl-4-(4- C hlorophenyl)-4-hydroazulenyl)) zirconium dichloride- 

(274 d l ^ S 

275 dSSKi b 1 ' ' ! ^-""O'ophenyD^-isopropyl^-hydroazuienyl), zirconium d,ch,or,de 

ESS 

umltS IS,,y,ene ,1 - {2 - ben ^ M ^" flU - PnenyO^Hydroazuleny,,, (1 -(^me.hyM.S-oenzoindeny,,, z,rcon,- 
(28i)d^ 
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(282) dimethylsilylene [1 -{2-benzyl-4-(4-fluorophenyl)-4-hydrdazulenyl}] {1 -(2-methyl-4-phenylindenyl)( zirconium 
dichloride. 

(283) dimethylsilylene bis[1,1'-{2, 8-dimethyl-4-(4-trifluoro methylphenyl)-4-hydroazulenyl}] zirconium dichloride; 

(284) dimethylsilylene bis[ 1 , 1 '-{2-methyl-4-(4-fluoro- 1 -naphthyl)-4-hydroazulenyl}] zirconium dichloride: 

(285) dimethylsilylene bis[ 1 , 1 '-{2-methyl-4-(4-fluoro-2-naphthyl)-4-hydroazulenyl}] zirconium dichloride. 

(286) (methyl) (phenyl)silylene bis|1 ,V-(2-methyl-4-(4-fluorophenyl)-4-hydroazulenyl}] zirconium dichloride; 

(287) (methyl) (phenyl)silylene bis|1 ,1'-{2-methyl-4-(4-chlorophenyl)-4-hydroazulenyl}] zirconium dichloride; 

(288) (methyl) (phenyl)silylene bis[l ;r-[2-methyl-4-(4Mrifluoromethylphenyl)-4-hydroazulenyl}] zirconium dichlo- 
ride; 

(289) diphenylsilylene bis[1 ,1'-j2-methyl-4-(4-fluorophenyl)-4-hydroazulenyl}] zirconium dichloride; 

(290) diphenylsilylene bis[1 ,1 , -{2-methyl-4-(4-chlorophenyl)-4-hydroazulenyl}] zirconium dichloride; 

(291) diphenylsilylene bis[1 ,1 '-{2-methyl-4-(4-trifluoromethylphenyl)-4-hydroazulenyl}] zirconium dichloride; 

(292) dimethylgermylene bis[1 ,1 , -{2-methyl-4-(4-fluorophenyl)-4-hydroazulenylj] zirconium dichloride; 

(293) dimethylgermylene bis[1 ,1 , -(2-methyl-4-(4-chlorophenyl)-4-hydroazulenyl}] zirconium dichloride; 

(294) dimethylgermylene bis[1 , 1 '-{2-methyl-4-(4-trifluoromethylphenyl)-4-hydroazulenyl}] zirconium dichloride; 

(295) dimethylsilylene [1-{2-methyl-4-(4-fluorophenyl)-4-hydroazulenyl]J {1-(2-methyl-4-phenyl-4-hydroazulenyl)j 
zirconium dichloride; 

(296) dimethylsilylene [1-{2-ethyl-4-(4-fluorophenyl)-4-dihydroazulenyl}] (1 -(2-ethyl-4-phenyl-4-hydroazulenyl)} 
zirconium dichloride; 

(297) dimethylsilylene [1 -(2-methyl-4-(4-chlorophenyl)-4-hydroazulenyl)] {1-(2-meihyl-4-phenyl-4-hydroazulenyl)} 
zirconium dichloride, 

(298) dimethylsilylene [1 -{2-methyl-4-(4-trifluoromethylphenyl)-4-hydroazulenyl)] {1 -(2-methyl-4-phenyl-4-hydroa- 
zulenyl)} zirconium dichloride; 

(299) dimethylsilylene [1-{2-methyl-4-(4-fluorophenyl)-4-hydroazulenyl}]{1-(2-methyl-4-phenyl-4, 5, 6, 7,8-pentahy- 
droazulenyl)} zirconium dichloride; 

(300) dimethylsilylene [1 -{2-methyl-4-(4-fluorophenyl)-4-hydroazulenyl}] {1 -(2-methyl-4-(4-fluorophenyl)- 
4,5,6, 7,8-pentahydroazulenyl)} zirconium dichloride; 

(301 ) dimethylsilylene [1 -{2-ethyl-4-(4-fluorophenyl)-4-hydroazulenyl}] {1 -(2'ethyl-4*phenyl-4,5,6,7,8-pentahy- 
droazulenyl)} zirconium dichloride; 

(302) dimethylsilylene [1 -{2-methyl-4-(4-chloropheny1)-4-hydroazulenyl}] (1 -(2-methyl-4-phenyl-4, 5,6,7, 8-pen- 
tahydroazulenyl)} zirconium dichloride; 

(303) dimethylsilylene [1 -{2-methyl-4-(4-trifluoromelhylphenyl)-4-hydroazulenyl}] {1 -(2-methyl-4-phenyl- 
4,5,6,7,8-pentahydroazulenyl)} zirconium dichloride; 

(304) dimethylsilylene [1 -{2-melhyl-4-(4-fluorophenyl)-4-hydroazulenyl}] {1 -(2-methyl-4-phenylindenyl)} zirconium 
dichloride; 

(305) dimethylsilylene [1 -{2-ethyl-4-(4-fluorophenyl)-4-hydroazulenyl}] {1-(2-ethyl-4-phenylindenyl)} zirconium 
dichloride; 

(306) dimethylsilylene [1-{2-methyl-4-(4-chlorophenyl)-4-hydroazulenyl}] (1-(2-methyl-4-phenylindenyl)} zirconi- 
um dichloride; 

(307) dimethylsilylene [1-{2-methyl-4-(4-trifluoromethylphenyl)-4-hydroazulenyl}] {1 -(2-methyl-4-phenylindenyl)} 
zirconium dichloride; 

(308) dimethylsilylene [1-{2-methyl-4-(4-trifluoromethylphenyl)-4-hydroazulenyl}] {1 -(2-methyl-4,5-benzoindenyl)} 
zirconium dichloride; 

(309) dimethylsilylene [1-{2-methyl-4-(4-fluorophenyl)-4-hydroazulenyl}j {1-(2-methyl-4,5-benzoindenyl)) zirconi- 
um dichloride; 

(310) dimethylsilylene [l-{2-methyl-4-(4-chlorophenyl)-4-hydroazulenyl}] {1 -(2-methyl-4,5-benzoindenyl)} zirconi- 
um dichloride, 

(311) dimethylsilylene [1 -{2-melhyl-4-(4-chlorophenyl)-4, 5,6,7, 8-penlahydroazulenyl}] (1 -(2-methyl-4-phenylinde- 
nyl)} zirconium dichloride; 

(31 2) dimethylsilylene [1 -{2-methyl-4-(4-fluorophenyl) indenyl}] ( 1 -(2-methyl-4-phenyl-4-hydroazulenyl)} zirconium 
dichloride; 

(313) dimethylsilylene [1-{2-ethyl-4-(4-fluorophenyl) indenyl}] (1-(2-ethyl-4-phenyl-4-hydroazulenyl)} zirconium 
dichloride; 

(314) dimethylsilylene [1 -{2-methyl-4-(4-chlorophenyl) indenyl)]{1 -(2-methyl-4-phenyl-4-hydroazulenyl)} zirconi- 
um dichloride; 

(315) dimethylsilylene [1 -(2-methyl-4-(4-trifluoromethylphenyl) indenyl}] {1-(2-methyl-4-phenyl-4-hydroazulenyl)} 
zirconium dichloride; 

(31 6) dimethylsilylene [ 1 -(2-methyl-4-(4-trifluoromethy lphenyl)indenyl}J [ 1 -{2-methyl-4-(4-chlorophenyl)-4-hydroa- 
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urn dichloride; 

(363) dimethylsilylene [1 -{2-ethyl-4-(1 -naphthyl)-7-isopropyl-4-hydroa7ulenyl}] {1 -(2-methyl-4 ( 5-ben7oindenyl)} 
zirconium dichloride; 

(364) dimethylsilylene [i-{2-ethyl-4-(2-naphthyl)-7-isopropyl-4-hydroazulenyl}] {1-(2-methyl-4.5-benzoindenyl)J 
zirconium dichloride; 

(365) dimethylsilylene (l-(2-methyl-4-phenyl-7-isopropyl-4-hydroazulenyl)} {1-(2-methyl-4-phenylindenyl)} zirco- 
nium dichloride; 

(366) dimethylsilylene {1 -(2-ethyl-4-phenyl-7-isopropyl-4-hydroazulenyl)} (1-(2-methyl-4-phenyiindenyl)} zirconi- 
um dichloride; 

(367) dimethylsilylene [1-(2-ethyl-4-(1-naphthyl)-7-isopropyl-4-hydroazulenyl}] (1-(2-methyl-4-phenylindenyl)} zir- 
conium dichloride; 

(368) dimethylsilylene [1 -{2-ethyl-4-(2-naphthyl)-7-isopropyl-4-hydroazulenyl}] {1-(2-methyl-4-phenylindenyl)} zir- 
conium dichloride; 

(369) methylene bis{1.r-(2-methyl-4-phenyl-6-isopropyl-4-hydroazulenyl)} zirconium dichloride; 

(370) methylene bis{1 J'-(2-methyl-4-phenyl-7-isopropyl-4-hydroazulenyl)} zirconium dichloride; 

(371 ) methylene bis{1 ,1'-(2-methyl-6-isopropyl-4-hydroazulenyl)| zirconium dichloride; 

(372) methylene bis{1 ,V-(2-ethyl-4,7-diisopropyl-4, 5,6,7, 8-pentahydroazulenyl)} zirconium dichloride; 

(373) methylene bis{l .l , -(4,6-dimethylcyclopentacycboctenyl)} zirconium dichloride; 

(374) methylene bis{ 1 , 1 '-(4-methyl-6-isopropylcyclopentacyclooctenyl)} zirconium dichloride; 

(375) methylene bis{1 J'-(2-methyl-5-phenylcyclopentacyclooclenyl)} zirconium dichloride; 

(376) ethylene bis{1 ,1'-(2-methyl-4-phenyl-6-isopiopyl-4--hydroazulenyl)} zirconium dichloride, 

(377) ethylene bis{1 ,1 l -(2-methyl-4-phenyl-7-isopropyl-4-hydroazulenyl)} zirconium dichloride; 

(378) ethylene bis{1 ,r-(2-methy!-6-isopropyl-4-hydroazulenyl)} zirconium dichloride; 

(379) ethylene bis{1 ,1 , -(2-ethyl*4 1 7-diisopropyl-4,5,6,7,8-pentahydroazulenyl)} zirconium dichloride; 

(380) ethylene bis(1 ,1 '-(4,6-dimcthylcyclopcntacyclooctenyl)} zirconium dichloride; 

(381) ethylene bis{1 ,V-(4-methyl-6-isopropylcyclopentacyclooctenyl)} zirconium dichloride; 

(382) ethylene bis{1 ,1'-(2-methyl-5-phenylcyclopentacyclooctenyl)) zirconium dichloride; 

(383) ethylene {(1 -(2,4,7-trimethylindenyl)}{1 -(2-methyl-4-phenyl-6-isopropyl-4-hydroazulenyl)} zirconium dichlo- 
ride; 

(384) ethylene {(1 -(2-ethyl-4.5-benzoindenyl)}{1 -(2-methyl-4-phenyl-7-isopropyl-4-hydroazulenyl)} zirconium 
dichloride: 

(385) dimethylmethylene bis{1 ,1 '-(2-methyl-4-phenyi-6-isopropyl-4-hydroazulenyl)} zirconium dichloride: 

(386) dimethylmethylene bis{1 ) 1'-(2-methyl-4-phenyl-7-isopropyl-4-hydroazulenyl)} zirconium dichloride; 

(387) dimethylmethylene bis{1,V-(2-methyl-6-isopropyl-4-hydroazulenyl)} zirconium dichloride; 

(388) dimethylmethylene bis{1 ,1'-(2-ethyl-4 l 7-diisopropyl-4 l 5,6,7, 8-pentahydroazulenyl)} zirconium dichloride; 

(389) dimethylmethylene bis{1 ,1 '-(4,6-dimethylcyclopentacyclooctenyl)} zirconium dichloride; 

(390) dimethylmethylene bis{1 ,1 '-(4-methyl-6-isopropylcyclopentacyclooctenyl)} zirconium dichloride; 

(391) dimethylmethylene bis{1 l 1'>(2-methyl-5-phenylcyclopentacyclooctenyl)} zirconium dichloride; 

(392) dimethylmethylene {(1 -(2,4,7-trimethylindenyl)}{1 -(2-methyl-4-phenyl-6-isopropyl-4-hydroazulenyl)} zirconi- 
um dichloride; 

(393) dimethylmethylene {(1-(2-ethyl-4,5-benzoindenyl)})1-(2-methyl-4-phenyl-7-isopropyl-4-hydroazulenyl)} zir- 
conium dichloride; 

(394) dimethylsilylene bis{1 ,1 '-(2-methyl-4-phenyl-6-isopropyl-4-hydroazulenyl)} zirconium dichloride; 

(395) dimethylsilylene bisjl ,r-(2-methyl-6-isopropyl-4-hydroazulenyl)) zirconium dichloride; 

(396) dimethylsilylene bis{l ,V-(2-ethyl-4,7-diisopropyl-4-hydroazulenyl)} zirconium dichloride; 

(397) dimethylsilylene bis{1 ,1 '-(4,6-dimethylcyclopentacyclooctenyl)) zirconium dichloride; 

(398) dimethylsilylene bis{1 ,r-(4-methyl-6-isopropylcyclopentacyclooctenyl)} zirconium dichloride; 

(399) dimethylsilylene bis{1 , V-(2-methyl-5-phenylcyclopenlacyclooctenyl)} ziiconium dichloride; 

(400) dimethylsilylene {(1-(2,4,7-trimethylindenyl)){1 -(2-methyl-4-phenyl-6-isopropyl-4-hydroazulenyl)) zirconium 
dichloride: 

(401 ) dimethylsilylene {(1 -(2-ethyl-4,5-benzoindenyl)}{1 -(2-methyl-4-phenyl-7-isopropyl-4-hydroazulenyl)} zirconi- 
um dichloride; 

(402) (methyi)(phenyl)silylene bis{1 ,V-(2-methyl-4-phenyl-6-isopropyl-4-hydroazulenyl)) zirconium dichloride; 

(403) (methyl)(phenyl)silylene bis{1,V-(2-methyl-4-phenyl-7-isopropyl-4-hydroazulenyl)j zirconium dichloride; 

(404) diphenylsilylene bis{1 J'-(2-methyl-4-phenyl-6-isopropyl-4-hydroazulenyl)} zirconium dichloride; 

(405) tetramethyldisilylene bis{1 , 1 '-(2-methyl-4-phenyl-6-isopropyl-4-hydroazulenyl)} zirconium dichloride; 

(406) tetramethyldisilylene bis{1 ,1 , -(2-methyl-4-phenyl-7-isopropyl-4-hydroazulenyl)} zirconium dichloride; 

(407) dimethylgermylene bis{1 ,1 '-(2-methyl-4-phenyl-6-isopropyl-4-hydroa7ulenyl)) zirconium dichloride; 
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(418) dimethylsilvlene bid r \o hfn! , Jl^^'H-hydioazulenyDJ zirconium dichloride; 
(419 US l is,, < n^ 

(420) dimethylsilylene bis 1 V-12 heotvl . nh^'J ^^l^hydroazulenyl)) zrrconium drchloride; 

(421) dime.hy| s ily^ 

(422, d.me.hy'. sily'lene SJ V- ^ ^ZT 4 ^"^ 

(423) cfimelh^^ 

(424) dimethylsilylene bis 1 liphThv ^^^/^-'^^'^-^azulenyl), zirconium dichloride; 

(425) dime.hy.sily.ene bis 1 „ 2- LaphS " 7 7 "' SOPrOPy ■ 4 - hydr ° a2U,en y | '} 2irco ™" bichloride; 

(426) dime,h y , S i, y , e nebis,r-2dfme^ 

(427) dime.h y .si^ 

(426) dime.hy| S i.y,ene bis 1 rW2-bS-4- 2 ^^ IK W - 4 ^^««'-nyOJ ionium d,ch.or,de, 

(429) diphen y .s4neb,s 1 r.iben ^ 

(430) d ip heny.s, ( ylene bis 1 V- 2-benzvM h ^ 2,rC ° n,Um d ' Chl ° nde; 
(43!) diphenvlsilvlene bis • \o h! ! ^^"'"y'M-hydroazulenyl)} zirconium dichloride 

(432 IZoZ^nt^ 

(433 d ip P heny y ,s lylene b " ■ n , ^7 ^"W'^'oazu.eny.)} zirconium dichloride; 
(434 dipheny.silWeneb s1 r 2 n£ "^'^^ " 4 - phenyM - h y droazijlen y | )} ^rconium dichloride; 

(435) \m P eth y XX net " ^ 

(436) (methyl) (pheny Llylene bis 11 V ^ 

(437, (methyoZhen^lS S r, £^ ^ ^( £^^2^^ Z ' rC ° n ' Um ***** 
(438, (me.hy,)(phenyl)silylene bis 1 V- 2-benzT 4 f hp n n a P h " hyl) - 4 - h ^ ro ^ u| enyl)] z,rcon,um d,chloride; 
(439, (melhylKpneny, sily.ene bi ' W2 S 2irCon,um dich ^e; 

(440) (me.hyl)(phen y i,sil y lene bis! 'is wi nh ? t ^"^y^u'enyl)} zirconium dichloride: 
dichloride; ' ' -^^-P^^'^VO^-phenyl-Z-isopropyl^-hydroazuleny.)} zirconium 

(441) d,me t hy, s „y,ene {l^benzyM-phenyM-hydroazu.eny,,, (1-(2-me lh y,-4,5-benzo l nd e ny,) ) z.con.um dchlo- 
*StJF**** (1 - (2 - ben2y '-' 1 -P^%')-4-hydroazu,eny, )] { 1 -(2-me,hy,-4,5-benzo,nden,) } zirconium 
(443)^ {1-(2-me.hy,-4,5.benzoindeny„ } zirconium 

2S' S,,ylene 11 - (2 ^^-Vle.hy„.4.pheny,.4.hydroazu,eny, }] ,1-(2-me.hy,- 4 ,5-benzoindeny, )} zrrconi- " 

(447) d.me.hyls.ly.ene ( W^benzyM-phenyM-hydroazuleny,,] i^-me.hyM-pheny.ndenyl), zirconrum dichlo- 
(^-.hy-si.y.ene (l^benzyM^naphthy.M-hydroazu.eny,,] ,1 -(2-methyM-pheny.indeny.), zirconium 
~e,y,si,y.e n e H^-benzyM-^naph.hylH-hydroazuleny,,, ,1- ( 2-me t hy l .4- P heny, i ndeny„ ) 2 „ conium 

(1-(2.me 1 hyl-4-pheny„nde- 
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(453) 9-silafluorene-9,9-diyl bisp ,1 '-(2-methyl-4-phenyl-4-hydroazulenyl)) zirconium dichloride; 

(454) 9-silafluorene-9,9-diyl bis{1 ,r-(2-ethyl-4-phenyl-4-hydroazulenyl)} zirconium dichloride; 

(455) 9-silaf!uorene-9,9-diyl bis(1 ,1 , -(2,8-dimethyl-4-phenyl-4-hydroazulenyl)} zirconium dichloride; 

(456) 9-silafluorene-9,9-diyl bis[1 ,l'-(2-methyl-4-(1 -naphthy!)-4-hydroazuleny!}] zirconium dichloride: 

5 (457) 9-silafluorene-9,9-diyl p-(2-methyl-4-phenyl-4-hydroazulenyl)) (1 -(2-methyl-4-phenyl-4,5 t 6,7 1 8-pentahy' 

droazulenyl)} zirconium dichloride; 

(458) 9-silafluorene-9,9-diyl p-(2-methyl-4-phenyl-4-hydroazulenyl)} {1 -(2-methy!-4-phenylindenyl)} zirconium 
dichloride; . . . . 

(459) 1-silaindene-1,1-diyl bisp,1'-(2-methyl-4-phenyl-4-hydroazulenyl)} zirconium dichloride; 
io (460) 1-silaindene-1,1-diyl bisp,1'-(2-ethyl-4-phenyl-4-hydroazulenyl)} zirconium dichloride; 

(461 ) 1 -silaindene-1 , 1 -diyl bis{ 1 , 1 , -(2,8-dimethyl-4-phenyl-4-hydroazulenyl)} zirconium dichloride; 

(462) 1 -silaindene-1, 1 -diyl bis[1,1'-{2-methyl-4-(1 -naphthyl)-4-hydroazulenyl}] zirconium dichloride; 

(463) 1-silaindene-1,1-diyl{1-(2-methyl-4-phenyl-4-hydroazulenyl)} p-(2-methyl-4-phenyl-4,5,6,7,8-pentahydroa- 
zulenyl)} zirconium dichloride; 

15 (464) 1 -silaindene-1 ,1 -diyl {1 -(2-methyl-4-phenyl-4-hydroazulenyl)} p -(2-methyl-4-phenylindenyl)} zirconium 

dichloride: 

(465) tetramethyl-1-silacyclopentadiene-l.i-diyl bisp ,V-(2-methyl-4-phenyl-4-hydroazulenyl)} zirconium dichlo- 
ride; 

(466) tetramethyl-l -silacyclopentadiene-1 ,1-diyl bisfl ,1 '-(2-ethyl-4-phenyl-4-hydroazulenyl)) zirconium dichloride; 
20 (467) lelramethyl-1 -silacyclopenladiene-1 , 1 -diyl bis{1 , 1 '-(2.8-dimelhyl-4-phenyl-4-hydroazulenyl)) zirconium 

dichloride: 

(468) tetramethyl-1 -silacyclopentadiene-1 ,1 -diyl bis[1 ,1 , -{2-methyl-4-(1 -naphthyl)-4-hydroazulenyl}] zirconium 
dichloride; 

(469) tetramethyl-1 -silacyclopentadiene-1, 1 -diyl {1 -(2-methyl-4-phenyl-4-hydroazulenyl)} {1 -(2-methyl-4-phenyl- 
25 4,5,6,7,8-pentahydroazulcnyl)} zirconium dichloride; 

(470) tetramethyl-1 -silacyclopentadiene-1, 1 -diyl (1 -(2-methyl-4-phenyl-4-hydroazulenyl)) p-(2-methyl-4-phenyl- 
indenyl)} zirconium dichloride; 

(471) 1-silacyclo-3-pentene-1 ,1-diyl bisp ,V-(2-methyl-4-phenyl-4-hydroazulenyl)} zirconium dichloride; 

(472) 1-silacyclo-3-pentene-1 ,1 -diyl bisp ,1'-(2-ethyl-4-phenyl-4-hydroazulenyl)} zirconium dichloride; 

30 (473) 1 -silacyclo-3-pentene-1 ,1 -diyl bisp , 1 '-(2 : 8-dimethyl-4-phenyl-4-hydroazulenyl)) zirconium dichloride; 

(474) i-silacyclo-3-pentene-1,1-diyl bisp .1 '-{2-methyl-4-(1 -naphthyl)-4-hydroazulenyl)] zirconium dichloride: 

(475) 1 -silacyclo-3-pentene-1 ,1 -diyl (1 -(2-methyl-4-phenyl-4-hydroazulenyl)} p -(2-methyl-4-phenyl- 
4,5,6,7,8-pentahydroazulenyl)} zirconium dichloride; 

(476) 1-silacyclo-3-pentene-1,1-diyl p -(2-methyl-4-phenyl-4-hydroazulenyl)} {1-(2-methyl-4-phenylindenyl)| zir- 
35 conium dichloride. 

In addition, as the transition metal compounds according to the present invention, there can also be exemplified 
those compound in which one or both of two chlorine atoms constituting the groups X and Y in the general formulae 
(I) to (VI) are substituted by a hydrogen atom, a fluorine atom, bromine atom, an iodine atom, a methyl group, a phenyl 
40 group, a fluorophenyl group, a benzyl group, an methoxy group, a dimethylamino group, a diethylamino group, or the 
like. Further, there can also be exemplified those compounds in which zirconium as the central metal M of each of the 
above-mentioned compounds, is substituted by titanium, hafnium, tantalum, niobium, vanadium, tungsten, molybde- 
num or the like. Among them, compounds containing Group 4 transition metals such as zirconium, titanium or hafnium 
are preferred, and compounds containing zirconium or hafnium are especially preferred. 
45 Next, the catalyst (1 ) for polymerization of a-olefin according to the first aspect of the present invention is explained 

below. The catalyst (1 ) comprises, as essential components, the afore-mentioned transition metal compound (compo- 
nent A) and the specific ion exchangeable layer compound or the inorganic silicate (component B), and as an optional 
component, the organoaluminum compound (component C). 

First, as the component B, the inorganic silicate or the ion exchangeable layer compound except for silicate (here- 
to inafter referred to merely as "ion exchangeable layer compound") is described in detail below. 

As the afore-mentioned ion exchangeable layer compounds as the component (B), there can be exemplified ionic 
crystalline compounds of a hexagonal closest packing type, an antimony type, a CdCI 2 type or a Cdl 2 type, which have 
a layer crystal structure. Specific examples of the ion exchangeable layer compounds may include crystalline acid salts 
of polyvalent metals such as a-Zr(HAsO 4 ) 2 -H 2 0, a-Zr(HP0 4 ) 2 , a-Zr(KP0 4 ) 2 -3H 2 0, a-Ti(HP0 4 ) 2 , a-Ti(HAs0 4 ) 2 -H 2 0, 
55 a-Sn(HP0 4 ) 2 -H 2 0, Y-Zr(HP0 4 ) 2 , y-Ti(HP0 4 ) 2 or y-Ti(NH 4 P0 4 ) 2 -H 2 0. 

The afore-mentioned ion exchangeable layer compounds may be treated with salts and/or acids, if required. The 
ion exchangeable layer compounds except for silicates which are treated with neither salts nor acids, have such a 
crystal structure that layers formed by ionic bond or the like are overlapped in parallel to one another with a weak 
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bonding force therebetween and. there.ore. the layers contain ions exchangeable with each other 

minerals, syndetic mL synlhe.^ venmicu.ite minerals, mica 

preferred inorganic si.icaiesare me SSS'IIS^ T *« 
and synthetic taen.olite The^e inoraanic JLTiZ 1 h \ V ' Syn ' het ' C heC,0rile ' s y nthe,ic sa P oni 'e 

subjected to treatments such as cruS by at X^ZZ?^ ^ °' ™" M « 

used singty or in the form of a mixture o, any two o^e thereof ' ^ ' n ° r9an,C Si " Ca ' eS may be 

comp^"' Z^SZT^JZ^ » *- M - ^ ^ as ^ 

whJ nhese compounds M^^a^^r T ^ °' ' heSe S °" d impounds. Further, 

The salt treatment can be used in combination wL .h^l ! . A 3 m ' X ' Ure ° f any ,W0 or more thereof 

acid treatment are used in comZl 1" ca " b ^ exem SdTl^d r'n" ^ST ^ ,rea,men ' ,he 
sal. treatment, a method of conducting the salt treatment T»2 * h conducting (he acid treatment after the 

treatments simultaneously 

treatment. Incidentally, the acid treatment has such SSI r treatments stmultaneously after the salt 

moved from the surface of the componen (B ^ZT^"^™" ^ Ca ° be re " 

Fe, Mg or Li can be e.u.ed thereZ ™' ^ °' Ca,, ° nS C ° n,a ' ned * n the Cr y s,al slructure •«* as A., 

from room temperature to a boiling point of solvent used and thl .fp,. \ 9 9 ,emperaIure is usuall V 

such that a. teas, a pari of the compound^ be treated ,s soled I ^ 5 minU,SS *° 24 h ° UrS ' 

in the form of an aqueous solution ° U ' FUflher ' ,he Sa " S and ,he acids are usual| y "sed 

as alkali treatment or treatments by organic substances mat be ^Zt , TT' Chem ' Ca ' ' rea ' men,S SUCh 
(B) has preferably a pore volume o usually noHess than 0 1 cc/o morl r m To ^ com P onent 
respect to pores having a radius of no. less than 20 I bv a 1 1 Preferably 0.3 to 5 cc/g, when measured with 

contains an absorbedla.er or a „ ^ 

a crystal fracture face of the ion exchangeable tever com^nL ,k Wa,er abSOfbed on a sur,ace or 

wafer existing between the layers " ' °' *" and ,he ™ a "s 

in accordance with the present invention, i, is preferred tha, the componen, (B) is used after removal of the afore- 
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mentioned absorbed water or interlayer water. The methods for removing the water, are nor particularly restricted, but 
there can be used dehydrating methods such as heating, heating in the presence of a flowing gas heating under a 
reduced pressure, azeotropy with an organic solvent, or the like. The heating may be conducted at such a temperature 
that no absorbed water and interlayer water exists in the component (B). The heating temperature is usually not less 

5 than 100°C, preferably not less than 150°C. However, the use of such a high temperature which causes destruction 
of the crystal structure should be avoided. The heating time is usually not less than 0.5 hour, preferably not less than 
one hour. The weight loss of the thus-treated component (B) is preferably not more than 3 % by weight, when the 
suction is conducted at a temperature of 200°C under a pressure of 1 mmHg for 2 hours. In accordance with the present 
invention, in the case where the component (B) whose weight loss is adjusted to not more than 3 % by weight based 

w on the weight of the component (B) is used, it is preferred that the weight loss ol the component (B) is also maintained 
when the component (B) is brought into contact with the essential component (A) and the below-mentioned optional 
component (C). 

Next, the organoaluminum compound (component (C)) is explained in detail below. As the component (C), there 
can be preferably used organoaluminum compounds represented by the general formula (VII): 

15 

AIR a P 3 . a (VII) 

wherein R is a hydrocarbon group having 1 to 20 carbon atoms; P is a hydrogen atom, a halogen atom, an alkoxy. 

20 group or a siloxy group; and "a" is a number satisfying 0<a<3. 

Specific examples of the organoaluminum compounds represented by the afore-mentioned general formula (VII) 
may include trialkylaluminums such as trimethylaluminum, triethylaluminum, tripropylaluminum or triisobutylaluminum, 
halogen-conlaining or alkoxy-containing alkylaluminums such as dielhylaluminum monochloride or diethylaluminum 
monomethoxide, or the like. Among them, trialkylaluminums can be preferably used. Further, in the case of the catalyst 

25 (1) for polymerization of a-olefin according to the first aspect of the present invention, aluminoxanes such as methyl- 
aluminoxane or the like can also be used as the component (C). 

The catalyst (1 ) for polymerization of a-olefin can be prepared by bringing the essential components (A) and (B) 
and the optional component (C) in contact with each other. The contacting method is not particularly restricted, but the 
following methods (i) to (v) can be exemplified. Incidentally, the contact between these components may be performed 

30 not only upon the production of the catalyst but also upon pre-polymerization or polymerization of the olefins. 

(i) Method of bringing the components (A) and (B) into contact with each other; 

(ii) Method of bringing the components (A) and (B) into contact with each other and then adding the component 
(C) to the mixture; 

35 (jjj) Method of bringing the components (A) and (C) into contact with each other and then adding the component 

(B) to the mixture; 

(iv) Method of bringing the components (B) and (C) into contact with each other and then adding the component 
(A) to the mixture; and 

(v) Method of bringing the components (A), (B) and (C) into contact with each other at the same time. 

40 

When or after the respective components are brought into contact with each other, polymers such as polyethylene 
or polypropylene or solid components of inorganic oxides such as silica or alumina may co-exist therein or may be 
contacted therewith. 

In addition, the contact between the respective components can be conducted in an atmosphere of an inert gas 
45 such as nitrogen or in the presence of an inert hydrocarbon solvent such as pentane, hexane, heptane, toluene or 
xylene. Further, the contact is preferably conducted at a temperature of from -20°C to a boiling point of the solvent 
used, more preferably from room temperature to the boiling point of the solvent used. 

The amount of the component (A) used is usually in the range of 10' 4 to 10 mmol, preferably 10 _3 to 5 mmol based 
on one gram of the component (B). The amount of the component (C) used is usually in the range of 0.01 to 10 4 mmol, 
50 preferably 0.1 to 100 mmol based on one gram of the component (B). In addition, the atomic ratio of the transition 
metal contained in the component (A) to aluminum contained in the component (C) is usually in the range of 1/0.01 to 
1/10 6 , preferably 1/0.1 to 1/10 5 . The thus-prepared catalyst may be used as it is without washing, or may be used after 
washing. Further, the catalyst can be used in combination with a further component (C) which is composed of similar 
compounds to the component (C), if required. That is, when the components (A) and/or (B) and the component (C) 
55 are used to prepare the catalyst, the further component (C) may be added to a reaction system separately from that 
the component (C) used for the preparation of the catalyst. In this case, the amount of the further added component 
(C) can be selected such that the atomic ratio of the transition metal contained in the component (A) to aluminum 
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contained in the further added component (C) is 1/0 to 1/10 4 

as aa a'rrj w. ' ~ 

======= 

As the alore-menlioned aluminumoxy compounds there can be expmniifi»ri ih^c» . ^ 

following general formulae (VIII), (IX) and (X): ' ex empl.f.ed those compounds represented by the 



9 > A C -(O-A Q ) D -0-A 
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R 9 
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(VIII) 




R 9 



(IX) 



R 9>AG 



-O-B-O-A Q< 



R l 



(X) 



p, e se„, ,„ ,he same ma**, [hese R 9 may 6e « same o, a« p » a „ ?„ egl * » 

(a) Method of diredy reading trialkyla.uminum with water in the presence of an appropriate organic solvent such 
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as toluene, benzene or ether; 

(b) Method of reacting trialkylaluminum with a salt containing crystallization water e.g., a hydrate of copper sulfate 
or aluminum sulfate; 

(c) Method of reacting trialkylaluminum with a water content impregnated in silica gel or the like: 

5 (d) Method of mixing trimethylaluminum and triisobutylaluminum together, and then directly reacting the mixed 

trialkylaluminums with water in the presence of an appropriate organic solvent such as toluene, benzene or ether; 
(e) Method of mixing trimethylaluminum and triisobutylaluminum together, and then reacting the mixed trialkylalu- 
minums with a salt containing crystallization water, e.g., a hydrate of -copper sulfates aluminum sulfate while 
heating; 

10 (f) Method of impregnating water into silica gel or the like, and treating the water-impregnated silica gel, etc., with 

triisobutylaluminum and then with trimethylaluminum; 

(g) Method of preparing methylalumoxane and isobutylalumoxane by a known method, and then mixing these two 
components together at a predetermined ratio to be reacted with each other while heating; and 

(h) Method of adding a salt containing crystallization water such as copper sulfate pentahydrate and trimethylalu- 
75 minum into an aromatic hydrocarbon solvent such as benzene or toluene and reacting these components with 

each other at a temperature of about -40°C to about 40°C. 

The molar ratio of water used to the trimethylaluminum is usually in the range of 0.5 to 1.5. Methylalumoxane 
prepared by the afore-mentioned methods is a linear or cyclic organoaluminum polymer. 
20 The compounds represented by the general formula (X) can be obtained by reading at least one trialkylaluminum 

with alkyl boric acid represented by the following general formula (XI) at a molar ratio of 10:1 to 1:1. 

R 10 -B-(OH) 2 (XI) 

25 

wherein R 10 is a hydrocarbon group or a halogenated hydrocarbon group both having 1 to 1 0 carbon atoms, preferably 
1 to 6 carbon atoms. 

Specific examples of the compounds represented by the general formula (XI) may include the following reaction 
products: 

30 

(a) Reaction products obtained by reacting trimethylaluminum with methylboric acid at a molar ratio of 2:1; 

(b) Reaction products obtained by reacting triisobutylaluminum with methylboric acid at a molar ratio of 2:1 ; 

(c) Reaction products obtained by reacting trimethylaluminum, triisobutylaluminum and methylboric acid with each 
other at a molar ratio of 1:1:1; 

35 (d) Reaction products obtained by reacting trimethylaluminum with ethylboric acid at a molar ratio of 2:1 ; and 

(e) Reaction products obtained by reacting triethylaluminum with butylboric acid at a molar ratio of 2:1. 

In addition, as the ionic compounds capable of reacting with the component (A) to convert the component (A) into 
a cation, there can be exemplified those compounds represented by the general formula (XII): 

40 

[K]e + [ZJe* (XII) 



In the general formula (XII), K represents a cationic component. Examples of the cations may include carbonium 
cation, tropylium cation., ammonium cation, oxonium cation, sulfonium cation, phosphonium cation or the like. Further, 
metal cations which tend to be reduced per se, cations of organic metals or the like can also be used. 

Specific examples of the afore-mentioned cations may include triphenyl carbonium, diphenyl carbonium, cyclohep- 
ta trienium, indenium, triethylammonium, tripropylammonium, tributylammonium, N, N-dimethylammonium, dipropy- 
lammonium, dicyclohexylammonium, triphenylphosphonium, trimethylphosphonium, tris(dimethylphenyl)phosphoni- 
um, tris(methylphenyl)phosphonium, triphenylsultonium, triphenyioxonium, triethyloxonium, pyrylium, silver ion, gold 
ion, platinum ion, copper ion, palladium ion, mercury ion, ferrocenium ion or the like. 

In the general formula (XII), Z represents an ionic anion component (generally a n on -coordinated component), 
which constitutes a counter anion against the cation produced by the conversion of Ihe component (A). As the anion 
Z, there can be exemplified anions of organic boron compounds, anions of organoaluminum compounds, anions of 
organogallium compounds, anions of organophosphorus compounds, anions of organoarsenic compounds, anions of 
organoanthimony compounds or the like. Specific examples of these organic compounds are as follows. 
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40 



45 



50 
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Further, as the Lewis acids, especially those canshin „# „ 
^ of these Lew,s acids are as follows: metal compounds, sohdacds orthe like. Specific examples 

(a) organoboron compounds such as tnphenvlboron trkn * h « 

chlonde, magnes,um bromide, magnesium iodide magnesium ch.Z k ^ a ' Uminum iod,de < ™gnesium 
nes,um bromide iodide, magnes.um ch«o f ide ^r^^Z^^T• ^ maa ' 

, s corned nss ^— s i^:™ ca r as ,he — — (E) may be 

« usually 5 Mm ,o 5 mm, preferably 10 pm to 2 mm ^ °' 9ranU ' eS ° f par,lc,es h — g a part.cle diameter of 

B 2 0^o!:~^ J « >*ides Such as S,C, A , 2 0 3 , Mg0 , ZrO T( C 2 

po I vrtr eafor ^ men,,on ^^ 

polymers or copolymers ol a-olefins having 2 to 1 4 carbon 2 h P °' P ° r ° US po ^ me ^ example 

^^tTi^^ r r '° nal ™ - - - P ar t ,c,e 
as ethers, eslers or amines; a.koxy-con,a,n,ng c^S^^^^- e,ect ™ ^tive compounds uch 

As s, e , l( ,et : h ae,hOXyS,,ane ° r ^P^^'d.meLxys^iane oMhe * pf ™ yborate - d ™%'™.hoxyaluminum, phenyl- 

nums such as die.hylalummum chlonde, diisobu^ halogen.on.am, g a.kylalum - 

num hydrides such as diethylaluminum hydride al kox^nl !° f melh y |a,u ™um sesqui-chloride alkylalum 
or dimethylaluminum butoxide, ; a,y,oxy -coning SS, 8 ^^"^'^* 

In the catalyst (2) for polymerization of a-olef,n the aTZ d ' e <hWaluminum phenox.de: or the like 

reacting Wl ,h the component (A) to convert the compo e . ^2^^ °» ™ C -^nd . capable o, 
are used singly or ,n the form of a mixture of any two or more hlr! ' ,he LeW * S aCid as ,he component (D, 
as the still turther optional components, one or 1TZ7^ VTT C ° mb,nalion lnc ^en,a.,y, i, « pre Led tha 
taming alkyla.uminum, alkylaluminum hydride, a.koxl^ 

ymer,a,,on vessel after both the components nZLTp^Zwl^ I? ^ ^ into 
after the components (A) and (D) are mixed together and imorTZ w 9 ' n, ° C ° ntaC ' With each °' he '- Further 
introduced into the po.ymeriza.ion vessel. 9 ' ' mpre 9 na,ed ™° the component (E), the mixture may be 
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In addition, the contact can be conducted at a temperature of from -20°C to a boiling point of the solvent used, preferably 
from room temperature to the boiling point of the solvent used. The thus-produced catalyst may be used as it is without 
washing, or may be used after washing. Further, the obtained catalyst may be used in combination with additional 
components, if required. 

5 Also, when the components (A), (D) and (E) are preliminarily brought into contact with each other, the contact can 

be performed in the presence of the monomer to be polymerized, i.e., a-olefin to partially polymerize the a-olefin (so- 
called pre-polymerization). More specifically, before the polymerization, the a-olefin such as ethylene, propylene, 
1-butene, 1-hexene, 1-octene, 4-methyl-1-pentene, 3-methyM-butene, vinylcycloalkanes or styrene is pre-polymer- 
ized and washed, if required. The thus-produced pre-polymerization product can be used as a catalyst. In this case, 

io it is preferred that the pre-polymerization is conducted in the presence of an inert solvent under such a moderate 
reaction condition that the polymer is produced in an amount of usually 0.01 to 1 ,000 g, preferably 0.1 to 100 g based 
on one gram of the solid catalyst. 

The amounts of the components (A) and (D) used are optional. For example, in the case of solution polymerization, 
the amount of the component (A) used is usually in the range of 10" 7 to 10 2 mmol/liter (calculated as the transition 

1$ metal), preferably 10" 4 to 1 mmol/liter. In the case where the aluminum-oxy compound is used as the component (D), 
the molar ratio of Alto the transition metal is usually in the range of 10 to 10 5 , preferably 100 to 2 x 10 4 , more preferably 
100 to 10 4 . On the other hand, in the case where the ionic compound or the Lewis acid is used as the component (D), 
the molar ratio of the ionic compound or the Lewis acid to the transition metal is usually in the range of 0.1 to 1,000, 
preferably 0.5 to 100, more preferably 1 to 50. 

20 Next, the method for producing an a-olefin polymer according to the present invention, is explained in detail below. 

In accordance with the present invention, the afore-mentioned catalyst and u-olefin are brought into contact with each 
other to polymerize or copolymerize the a-olefin. The catalyst for polymerization of a-olefin according to the present 
invention can be applied to not only a solution polymerization using a solvent, but also a liquid-phase nonsolvent 
polymerization using substantially no solvent, a gas-phase polymerization or a melt polymerization. These polymeri- 
as zations can be conducted either in a continuous manner or in a batch manner. 

As the solvents used for the solution polymerization, there can be exemplified inert saturated aliphatic or aromatic 
hydrocarbons such as hexane, heptane, pentane, cyclohexane, benzene or toluene. These solvents can be used singly 
or in the lorm of a mixture of any two or more thereof. The polymerization temperature is usually in the range of -78°C 
to 250°C, preferably -20°C to 100°C. The olefin pressure in the reaction system is not particularly restricted, but pref- 

30 erably from ordinary pressure to 2,000 kgf/cm 2 G (Geuge), more preferably from ordinary pressure to 50 kgf/cm 2 G. 
Further, the molecular weight of the resultant a-olefin polymer can be controlled by known methods such as appropriate 
selection of reaction temperature and reaction pressure used or introduction of hydrogen. 

As the raw a-olefins, there can be used a-olefins having usually 2 to 20 carbon atoms, preferably 2 to 10 carbon 
atoms. Specific examples of the a-olefins may include ethylene, propylene, 1-butene, 4-methy!-1-pentene, 1-hexene, 

35 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene, 1-eicosene or the like. The catalyst 
according to the present invention can be preferably applied to stereoregulated polymerization of a-olefins having 3 
to 1 0 carbon atoms, especially to the polymerization of propylene. 

Further, the catalyst according to the present invention can be applied to not only homopolymerization or copoly- 
merization of the afore-mentioned a-olefins, but also copolymerization of the a-olefins with the other monomers. As 

40 the other monomers copolymerizable with the a-olefins, there can be exemplified conjugated dienes or non-conjugated 
dienes such as butadiene, 1 ,4-hexadiene, 7-methyl-1 ,6-octadiene, 1 ,8-nonadiene or 1 ,9-decadiene; cyclic olefins such 
as cyclopropene, cyclobutene, cyclopentene. norbornene or dicyclopentadiene; or the like. The polymerization or co- 
polymerization of the a-olefins can be performed in multiple stages whose reaction conditions are different from each 
other, i.e., in a manner of so-called multi-step polymerization, for example, block copolymerization comprising pre- 

45 polymerization of propylene and copolymerization of ethylene with the polypropyrene prepared by the said pre-polym- 
erization. 

As described above, in accordance with the polymerization method according to the present invention, there can 
be obtained an a-olelin polymer which has a narrow molecular weight distribution and a narrow composition distribution, 
is excellent in transparency and mechanical strength and exhibits a good flowability. 
so Also, in the case where the polymerization of propylene was conducted by using the catalyst according to the 

present invention, there can be obtained a crystalline polypropylene which can show a high value [mmmm] (e.g., not 
less than 90 %) and a unique regio defect amount: 2,1 -inversion of 0.5 to 2.0 mol % and 1 ,3-insertion of 0.06 to 0.40 
mol %. The regio defect amount can be calculated according to the following formula: 



55 2,1 -insertion percentage (%) = (Y/X) x 1 ,000 x 1/5, 

1 ,3-insertion percentage (%) = (Z/X) x 1,000 x 1/5, 
X = sum of integrated values from 27 ppm to 48 ppm, 

y = (/CD+ a2>+ a3)+ /<D + p®+ a3)/6, 
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EspltSe™ P-ed lrans(llon meta , compoupds 

OHV.) according ,0 the present invention is used he o o^^ 

weigh, end deterioration o, its stereo regularity, can show a h qh ZZl k ^ r6dUCli0n °' i,s 
'ore, ,s applicable to extrusion molding or injection moZ an b IT T^'* * ^ me '" n9 po,n1 ' and 
constdered as follows, though no. exactly known. P ^ W " h 3 high >" eld Th * 

reason therefor is 

R3and^~ 

hereto take such a spatial arrangement as incSned a cerlai anS reS , SUbS ' i,Uenl 9f ° UPS R? and R8 bond * d 
«u.ed by the 5-membered ring and the R3 or R* In addiSn h n ° 3 P ' 3ne °' lhe co ^ensed ring cons.i- 
(s) which is spatially bulkier than a hydrogen atom ^alool »< ' * ha,0 ^ n a,om 

and an appropriate configuration which ca^no be achieved , IZZV° T'* " 3PPr ° Pna,e S,e " c h ' nd ™- 
the direct™ of growth of polymer chains and the direct ouTZTT^ 3 reSU "' etiecls of ^aUng 
proving the stereo regularity of the obtained po^m^c^u^SlS^ monomers are enhanced, thereby im 

Further, it is considered that the halogen atom exerts an !, T" 9 ^ me " in9 P ° inl ,hereof 
or hafnium, and the electronic effect andL or" mentTed J ZZT °" ^ ™^ 6 0 - 

reaction, thereby .ncreas.ng a motecular weigh, oMh obtafne i oo^ T T ^ ,he chain 

ring formed by the groups R3 or R e has double' bond(s TZtnlZ^T*' *"* ,he ? " '° 10 -embered 
and conf.gura.ion of the ligands is firmly fixed For ,h s reasonTiT.ol ? * ubst ' tuen ' groups R? and Re is (nhjbited 
a.ure is increased, the substituen, groups V and 3 'do not io £ e«i? ^ " ^ P 0, ^" a <™ temper- 
Pdymer chains and the direction o. coordination of monome s hereb ' ^ • '""f^ Ihe direc,ion °' » of 
having an excellent stereo regularity. ' 6r6by obla,n ^9 a high-molecular weight polymer 

In the novel transition metal compound represents h„ .h. 
forms a condensed nng having no, les's than 7 membts TslSZToT^ "™ *" M ^ * 
arrangement as inclined a, a certain angle relative ,0 a plane o, the conH. b ° n * d ' here, ° haS SUch a ^ 

nng and the RB. | n addiljoni lne subs(jtuenl QfouD R8 . " " c ^"oensed nng constituted by the 

5-membered 

and R6 for ms a condensed nng having no 1°™*! ,M ^ since group R3 

soch a spatial arrangement as inclined a, a c^^^ ^ ^ ^ * h "« 

9 anve 10 a plane of the condensed ring constituted by the 
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5«membered ring and the R 3 or R 6 . In addition, bulkier R 1 and R 4 are bonded to the 5-membered ring. These conditions 
allow the transition metal compound to have a spatially bulkier structure, thereby imparting an appropriate steric hin- 
drance and an appropriate configuration thereto. As a result, the same effects as provided by the transition metal 
compound of the general formula (II) can be obtained. 

5 Further, in the novel transition metal compound represented by the general formula (VI), since the groups R 3 and 

R 6 each form a condensed ring having not less than 7 members, the substituent groups R 7 and R 8 bonded thereto 
have such a spatial arrangement as inclined at a certain angle relative to a plane of the condensed ring constituted by 
the 5-membered ring and the R 3 or R 6 In addition, the cyclic substituent group A is bonded to the cross-linking group 
Q. These conditions allow the transition metal compound to have a spatially bulkier structure, thereby imparting an 

io appropriate steric hindrance and an appropriate configuration thereto. As a result, the same effects as provided by the 
transition metal compound of the general formula (II) can be obtained. Moreover, since the 7- to 10-membered ring 
formed by the groups R 3 or R 6 and the group A contain double bonds therein, the movements of the substituent groups 
R 7 , R 8 and R a are inhibited so that configuration of the ligands is firmly fixed. For this reason, it is considered that even 
if the polymerization temperature is increased, it is possible to obtain a high-molecular weight polymer having an ex- 

?5 cellent stereo regularity. 

EXAMPLES: 

The present invention is described in more detail below by way of examples, but these examples are not intended 
20 to limit the scope of the present invention. Incidentally, in the following examples, all the catalyst preparation processes 
and polymerization processes were conducted in a purified nitrogen atmosphere. In additioa solvents were dehydrated 
with MS-4A and then deaerated by bubbling with purified nitrogen before they were used for these processes. Further, 
the activity of each solid catalyst component per unit weight thereof is referred to as "catalytic activity" and indicated 
by a unit of "g-polymer/g-solid catalyst component", whereas the activity of each complex component per unit weight 
25 thereof is referred to as "complex activity" and indicated by a unit of "g-polymer/g-complex component". 

(1) Measurement of Melt Flow Rate (MFR): 

Six grams of an acetone solution containing 0.6 % by weight of a thermal stabilizer (BHT) was added to 6 g of the 
30 obtained polymer. After drying, the polymer was charged intoa melt indexer (230°C) and allowed to stand for 5 minutes 
under a load of 2.16 Kg. Thereafter, the polymer was extruded to measure the amount of the extruded polymer. Based 
on the thus-measured amount of the extruded polymer the amount per 1 0 minutes was calculated and used as a value 
of MFR. 

35 (2) Measurement of Molecular Weight Distribution: 

The molecular weight distribution of the obtained polymer was determined from the Q-value (Mw/Mn) of weight- 
average molecular weight (Mw) to number-average molecular weight (Mn) thereof which were measured by gel per- 
meation chromatography (GPC) . The measurement of the molecular weights was conducted at 135°C by a GPC 
40 apparatus (150CV type manufactured by Waters), using ortho-dichlorobenzene as a solvent. 

(3) Measurement of Melting Point: 

Using a differential scanning calorimeter (DSC) manufactured by E. I. du Pont, the melt flow rate of the obtained 
45 polymer was measured after the polymer was heated two times from 20°C to 200°C at a heating rate of 10°C/min. 

(4) Measurement of Stereo Regularity: 

300 mg of the polymer sample was dissolved in a mixed solvent composed of 2.5 ml of ortho<dichlorobenzene 
50 and 0.5 ml of benzene-d 6 . The obtained solution was subjected to a nuclear magnetic resonance (NMR) analysis by 
using JEOL EX-270 Spectrometer. The NMR analysis was conducted at a temperature of 130°C, an irradiation time 
of 0.744 sec and a pulse delay of 2.256 sec, and cumulatively repeated 20,000 times to determine a stereo regularity 
of the obtained polymer. 
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Example v 

Hi Ch emical treatment of clay minerak- 



70 



™cia,^ ***** 70 m, o, desafted water. Next. 11 7 g * _ 

thedi.u.e so.u,ion. The resultant dli^'hJ^^^^E INDUSTRIES CO., LTD.) was dispers Z 
Thereafter. ,he product was suffk.ien.fy washed ZZ^e^fZ Awhile stirring and boiled for 2 hours 
under a reduced pressure to obtain a component B, * 8 ' ter dried * 200»C for 2 hours 



(2) Preparation of solid caipi r t component 



35 



40 



.45 



SO 



55 



room, e mpe, a , u , 8 «* Nesll „ i „ M , els „„ J s l„,„ s ,S. m » f h >*"™n,,m was added ,a ma stay al 
and ,„a ao.d r9siaue was „ asned „„„ „ J* «- -OTM was ,a Jad 

(3) Synthesi s of dimeth^ yiene bisM iwp mo thwi >i u 

eb,sfi,i 

° l a ) Synthesis of racemir anr i m esomixlure: 

«h.um (10 equivafen.) was gradually added to Ja^e ^eTll ^ther soiution of pheny, 

perature for one hour, the ob.a.ned solut.on was coofc c ?7c an Z T * °°° Mu * ™ m le ™ 

solutor, was mixed with 0.95 ml of dime.hyldichlorosilane L ,h te I ? T ^ 3 ° m ' °' letfah ydrofuran. The 
The sol lon was (ufther heated (o sqoc a e and ^the ten perafore .hereof was raised to room temperature 

added, the solution was separated into aqueous and organi phases Th qUe ° US amm ° n ' Um Ch,0ride S0,u " on <«« 
sulfate and s„r red under a reduced pressure to remove 7h X n , Th e ,h TS" ^ ^ dried W ' ,h ma 9" esium 

was wa£hed wjlh hexane and dned ^^SZ ^ component The ob,a,ned so.id component 
of toluene and diefhyf ether (40: , ) was added to the dried vrtM zl'T^ 2 ° m ' °' fl m ' Xed S0,vent co ^ed 
added thereto a, -60°C. The m.xture was shrred for 15 h o wh i «h. T ^ "* °' 2,rC ° n,Um '^"loride was 
room temperature. The obtained solution was concen rated under! 1 ^T^* ^ W3S *** to 

obta-n as a precipitate, 150 mg of a racem,c and ZTlZV^l** FT" 8 3nd ,hen ™ ed «*h hexane to 
oVoazuleny.) 2irC on,um dich.oride (a mixture show,ng 

(b) Purificati on of racemic compound; 

(300 nm to 500 nm) for 30 mjnu , es undef While s,,rring, the so.ution was irradiaS 

■n he m,x,ure, and stirred under a reduced pressure to remove hi?? . ° P6rCen,a 9 e °' < ne ™emic compound 

yelfow solid. After spring, the mixture was allowed ,o Z fo 0^ ? h °' ' 0,Uene ^ added 10 ,he Gained 

supernatant. Sim.lar washing procedures were renewed ZlT P ^ ^ S °' id ' followed ^ removing the 
nexane. The thus-obta.ned solid produc, ITs riedt, so « u^ 9 * T ^ 2 «* °< ^ and 2 m o 
racem .compound °<~^ 

(£] Chemical shift of 'H-NMR nf r a . emic com pn „ nH . 

300 MHz, C 6 D 6 (ppm) 5 0.51 (s. 6H. SHCH,),) 1 92 fe rm r w , c o« 
6.68 (d, J = UHz, 2H), 7.05-7.20 (m, 2H, aromft 56 (d J ' -7^! 4H) ^ 5 75 " 5 ' 95 ( "' 6H '' 613 «HX 
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(d) Chemical shift of 1 H-NMR of meso compound: 

300 MHz, C 6 D 6 (ppm) 6 0.44 (s, 6H, SiCH 3 ). 0.59 (s. 6H. SiCH 3 ). 1 .84 (s, 6H. CH 3 ), 5.38 (br d. 2H), 5.75-6.00 (m, 
6H), 6.13 (s, 2H), 6.78 (d, J = 14Hz, 2H). 7.00-7.20 (m, 2H. arom). 7.56 (d. J = 7Hz. 4H) 

5 

(A) Polymerization of propylene: 

0.5 mmol (calculated as Al atom) of triethylaluminum (produced by TOSOH AKZO CORP.) and 100 mg of the solid 
catalyst component obtained in the above item (2) were charged into a 2-liter stirring-type autoclave. On the other 

io hand, 0.975 mg (1.5 umol) of the above-prepared 'racemic compound as a component (A) was diluted with 3 ml of 
toluene and charged into a catalyst feeder equipped with a safety rupture disc. Thereafter, 1 ,500 ml of propylene was 
charged into the autoclave and the content of the autoclave was heated to 70°C. Successively, an argon gas having 
a pressure of 80 kgf/cm 2 G was introduced into the catalyst feeder to break the safety rupture disc, so that the component 
(A) was supplied into the autoclave to initiate the polymerization of propylene. 

15 After the polymerization was continued for 2 hours, unreacted propylene was purged to obtain 1 66.5 g of polypro- 

pylene. As a result of the measurements, it was confirmed that the catalyst activity was 1665 and the complex activity 
was 17.1 x 10 4 . Further, it was confirmed that the obtained polypropylene had a melting point (Tm)of 150 1°C, a melt 
flow rate (MFR) of 2.5, a weight-average molecular weight (Mw) of 3.1 x 10 5 and a Q-value (Mw/Mn) of 2.8. The 
measurement of 1D C-NMR spectrum showed that the [mmmm] v;as 98.9%, the 2, 1 -inversion was 0.9% and the 1,3-in- 

20 sertion was 0.08 %. The results are shown in Tables 1 and 2. 

Reference Example 1: 
<Polymerization of propylene> 

25 

4 mmol (calculated as Al atom) of methylalumoxane ("MMAO" produced by TOSOH AKZO CORP.) and 0.26 mg 
(0.4 umol) of the racemic compound obtained in Example 1 were charged into a 2-liter stirring-type autoclave. Further, 
1 ,500 ml of propylene was charged into the autoclave and the content of the autoclave was heated to 70°C to conduct 
the polymerization of propylene for one hour, thereby obtaining 43.5 g of polypropylene. As a result of the measure- 
30 ments, it was confirmed that the complex activity was 16 7 x 10 4 and the obtained polypropylene had a melting point 
(Tm) of 150.9°C, a melt flow rate (MFR) of 1.3, a weight-average molecular weight (Mw) of 3.5 x 10 5 and a Q-value 
(Mw/Mn) of 2.7. Further, the measurement of 13 C-NMR spectrum showed that the [mmmm] was 99.0 %, the 2,1 -inver- 
sion was 0.9 % and the 1,3-insertion was 0.10 %. The results are shown in Tables 1 and 2. 

35 Example 2: 

<Polymerization of propylene> 

The same procedure as defined in Example 1(3) was conducted except that the polymerization temperature was 
40 changed to 80°C, to obtain 235 g of polypropylene. As a result of the measurements, it was confirmed that the catalyst 
activity was 2350 and the complex activity was 24.1 x 10 4 , and the obtained polypropylene had a melting point (Tm) 
of 148.8°C : a melt flow rate (MFR) of 8.5, a weight-average molecular weight (Mw) of 2.1 x 10 5 and a Q-value (Mw/ 
Mn) of 2.7. Further, the measurement of 13 C-NMR spectrum showed that the [mmmm] was 98.8 %, the 2,1 -inversion 
was 0.9 % and the 1 ,3-insertion was 0 06 %. The results are shown in Tables 1 and 2. 

45 

Example 3: 

<Polymerizalion of propylene> 

50 500 ml of dried and deaerated toluene, 0.5 mmol (calculated as Al atom) of triethylaluminum (produced by TOSOH 

AKZO CORP..) and 100 mg of the solid catalyst component obtained in the above Example 1(2) were charged into a 
1.5-liter stirring-type autoclave whose interior was sufficiently dried and replaced with a propylene gas. While main- 
taining at 20°C, the autoclave was charged with 4 pmolol the racemic compound obtained in Example 1. Thereafter, 
the reaction system in the autoclave was heated to 70°C to initiate the polymerization of propylene while adjusting the 

55 propylene pressure in the autoclave to 5 kgf/cm 2 G. After the polymerization was continued for one hour, unreacted 
propylene was purged and obtained a slurry containing a polymer. The slurry was filtered and dried to recover 17 g of 
polypropylene. Further, the filtrate was concentrated so that 0.05 g of polypropylene dissolved in the filtrate was re- 
covered As a result of the measurements, it was confirmed that the catalyst activity was 1 70 and the complex activity 
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w 



15 



20 



25 



spearum showed .ha. ,he |mmmm wis 99 "oi he 2 l invest ' n " * 8 The mea ™' o. ^C-NMR 
results are shown in Tables i and 2 * S '° n W3S 07 % and ,he 1 ■ 3-inser.ion was 0. 1 0 %. The 

Example 4: 

LU Chemical tfgatmgnt and granu l ation ol clay minerals: 

of chemically .rea.ed mon.morilloni.e Successively alS 1. ™ ' Wh " 6 S " mn9 lo obtain an a 9"e°us slurry 

%. the slurry was sprayed by means o, a^^^Z nlT^ul aQUe0US WaS ^ <° « 
w,.h desalted wa.er. The .hus-ob.ainedpar.ides ^2^7 solid —P°nen., followedby washing 

s^ed ,o°X*a^ -e was char 9 ed in.o a 200 m , f,as k and 

,e we, 9 h, of ,he m_ite was reduced by g * ^^^^^1^ ^ 
(2) Preparation ot sotirt cataly st component 

*P^S Stf ^^^1 S^T .7,7 *— ^ 3 «» - - - 
room temperature white s.,rrin 9 . After bo.h the componen.Twe e ron, ! ^u'^^^ W3S 3dded ,0 ,he ^ * 
one hour, ,he superna.an, was removed and ^TsoZTsZTlT t T 0lher al r °° m ' e -P-a.ure ,or 

component. SOl,d res,due was cashed with toluene lo obtain a solid ca.alysl 



(3) Polym erization of propylene 



30 



35 



40 



autoclave. Thereafter, the con.en, of the b^IL ^^S^JT ^ 3 ^ SU " m ^° 

solution containing dimethylsily.ene bis,1 ,1 W2-me.h^-phenw 4 hvL^ t 7 SUPP,ied W " h 5 0 ml ° f a ,oluene 
as a complex component. The polymerization of Znlnl V ' enyl) Z ' rCOnium dichloride (2-0 pmol/ml) 
comp,e„on of the Polynn^^^^,^^^- a < ™°C ,or 2 hours while stirring. Afte 
measuremems, i, was confirmed that .he caLys ™™ZV£^Z ™ ° ?' P ° ,ypr °^ ,ene As a ^sult of ,he 
obtained polypropylene had a melting point (Tm) of 148 4 C » ml«?, mp ' eX actiVi,y was 2 7 x 104 . and the 

weigh, (Mw, of 1 .9 x 10* and a Q-vaiue (Mw/Mn of 2 > 7 Fun en mT ' V 3 1 ' 3 We '9 ht — ge molecular 

the [mmmmj was 98.8 %, the 2,! -inversion wa 0 9 % and fh^T T^"' °' °" NMR Spec,rum sh ™ed that 
Tab| es 1 and 2. W8S 0 9 /o and the U-.nsertion was 0 10 %. The results are shown in 



Example 5: 

<Copolymerization of propylene and ethylene> 



45 



50 



55 



was hea.ed to 70°C, 3.0 ml o, a to.uene sSk^t^L Zy'fi f * A " er ' he COnlenl °' the aul0 <^ve 
lenyl) zirconium dichloride (2.0 umol/m.) as a S^^T JIS ^^.^^'-^^^^^-P^yU-hydroazu- 
sunzed ethylene. The supp ly o, e.hylene was c£K^^ '"^ ^ aU '° C,aVe '° 9elher Wi ' h ^ 

ethylene) in a gas composition wi.hin the autoclave was 3 5 mo, ^^Z"??*" °' (e%,ene) '° (Pr ° Pi " ene + 
was conhnued a. 70°C for 2 hours while s.irring. After cZp. to 72 «7 " P°'^ a «^ °' Propylene 
^^ac.ede.hy,enewerepurged.oob,ain230gofpo.y^ oZnlmvll P°^»™lion. unreac.ed propylene and 
.. was confirmed ,ha« the catalyst activity was 3830 Z comolex ac ,7 't^' re8Utt °" he ™ a ^emen,s, 
propytene/ethytene copo.ymer had an e.hylene conte m ol 8 mo T 'lT * T ^ ^ 

of 9 7 ■ a weigh.-average molecular weigh. W^I^At^?"? (Tm) ° M 4 1 7 ° C ' a mel1 *»w rate 
uremen. o, ,3 C-NMR spectrum showed that the [11 was ga " S T (MW/Mn) °' 2 6 Furlher ' ,he — 
sertion was 0.08 %. The results are shown in Tables 1 Tnd 2 2.1 -aversion was 0.8 % and the 1,3-in- 
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Comparative Example 1: 

CM Synthesis of dimethylsilylene bisll , V-(2-methyl-4, 5-benzoindenyl) zirconium dichloride; 

5 Dimethylsilylene bis{1, V-(2-methyl-4, 5-benzoindenyl} zirconium dichloride was synthesized according to the 

method described in Example 7 of Japanese Patent Application Laid-open (KOKAI) No. 8-208733. 

(2) Polymerization of propylene: - ...... 

to The same procedure as defined in Example 1 was conducted except that the afore-mentioned compound (in item 

(1)) was used as the component (A) and the polymerization time was one hour, to obtain I60g of polypropylene. 
As a result of the measurements, it was confirmed that the catalyst activity was 1600, the complex activity was 5.8 x 
10 4 , and the obtained polypropylene had a melting point (Tm) of 132.0°C, a melt flow rate (MFR) of 200, a weight- 
average molecular weight (Mw) of 1.1 x 10 5 and a Q-value (Mw/Mn) of 2.2. Further, the measurement of 13 C-NMR 

is spectrum showed that the [mmmm] was 95. 1 %, the 2,1 -inversion was 0.8 % and the 1 ,3-insertion was not delected. 
The results are shown in Tables 1 and 2. 



Comparative Example 2: 

20 <Polymerizalion of propylene> 

The same procedure as defined in Reference Example 1 was conducted except that the afore-mentioned com- 
pound synthesized in Comparative Example 1 was used as the component (A) and the polymerization temperature 
was adjusted to 70°C, to obtain 1 55.2 g of polypropylene. As a result of the measurements, it was confirmed that the 
25 complex activity was 67.5 x 10 4 , and the obtained polypropylene had a melting point (Tm) of 151.5°C, a melt flow rate 
(MFR) of 2.0, a weight-average molecular weight (Mw) of 3.8 x 10 5 and a Q-value (Mw/Mn) of 2.1. Further, the meas- 
urement of 13 C-NMR spectrum showed that the [mmmm] was 95.5 %, the 2,1 -inversion was 0.4% and the 1 ; 3-insertion 
was not detected. The results are shown in Tables 1 and 2. 



30 Table 1 





Catalyst 


Conditions of 
polymerization 


Evaluation (catalyst performance) 


Component (A) 


Component (C) 


Catalytic activity 


Complex activity 
activity (xlO 4 ) 


Ex. 1 


0)* 


Triethyl aluminum 


70°C/bulk/2 Hr 


1665 


17.1 


Ref. Ex. 1 


(1) 


MMAO 


70°C/bulk/1 Hr 




16.7 


Ex. 2 


d) 


Triethyl aluminum 


60°C/bulk/2 Hr 


2350 


24.1 


Ex. 3 


0) 


Triethyl aluminum 


70°C,5kgf/cm2G/ 
slurry f\ Hr 


170 


0.65 


Ex. 4 


(1) 


Triethyl aluminum 


70°C/bulk/2 Hr 


1800 


2.7 


Ex. 5 


(1) 


Triethyl aluminum 


70°C/bulk+ 
ethylene/2 Hr 


3830 


5.9 


Comp. Ex. 1 


(2r 


Triethyl aluminum 


70°C/bulk/t Hr 


1600 


5.8 


Comp. Ex. 2 


(2) 


MMAO 


70°C/bulk/1 Hr 




67.5 



Note: (1)*: dimelhylsilylene bis{1 .V-{2-methyl-4-phenyl-4-hydroazu!enyr} zirconium dichloride: 
(2)* # : dimelhylsitylene bis{1 .V-(2-methyf-4. 5-benzoindenyl} zirconium dichloride 



55 
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Table_2 



5 












Properties 


or do] VTTiPr 




70 


I Example 1 


Melting 
point (°C) 


MFR 
(g/10 min) 


Mw 
(x 10^) 


Q j 
1 (Mw/Mn) J 


75 


Reference 


150.1 


2 . 5 


3 . 1 


T 2~8" n 




Example 1 
' Example 2 


150. 9 


13 


3 . 5 


I ^ 


20 


Example 3 


148.8 


8 . 5 


2 . 1 


l 2 7 1 






150. 9 


3~5 


3~ 0 


\ 2.8 


25 f 


Example 4 


148.4 


■Li . 1 


1.9 1 


2.7 




Example 5 
Comparative 


141.7 


9.7 


2.1 T 


2.6 


30 I 
I 


Example 1 
Comparative 


132.0 


200 


1.1 J 


2.2 


35 


Example 2 


151.5 


2.0 


3.8 j 


2.1 



40 



45 



55 
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Table 2-continued 



5 




Properties of polymer 






• [ mmmm 


• • (%) 


■ 2,-1- (mol ■%) 


1,3 


-(mol %) 


70 


Example 1 


98 


9 


0.9 


0.08 




Reference 


99 


0 


0.9 




0. 10 


15 


LXcuTip 1c X 














Example 2 


98 


8 


0.9 


0.06 


20 


Example 3 


99. 


0 


0.7 


o; io 


Example 4 


98 


8 


0.9 


0. 10 




Example 5 


98. 


8 


0.8 


0. 08 


25 


Comparative 
Example 1 


95. 


1 


0.8 


not 


detected 




Comparative 


95. 


5 


0.4 


not 


detected 


30 


Example 2 













Example 6: 

35 

(1) Synthesis of dimethylsilylene bis{1 ,1'-(2-ethyl-4-phenyl-4-hydroazulenyl] zirconium dichloride as component (A): 

(a) Synthesis of tosyltropolone: 

-to 25.58 g (210 mmol) of tropolone was dissolved in 30 ml of pyridine. 60 ml of a pyridine solution containing 40.77 

g (214 mmol) of tosyl chloride was added to the tropolone-containing solution at room temperature. After stirring over- 
night at room temperature, the resultant reaction solution was supplied with water to deposit a crystallized product. 
The crystallized product was separated by filtration and dried at 50°C under a reduced pressure to obtain 57.61 g of 
tosyltropolone (yield: 99.5 %). 

45 

(b) Synthesis of 3-propionylcvcloheptafuran-2-one: 

8.07 g (29.2 mmol) of tosyl tropolone and 6.2 ml (43.8 mmol) of elhyl propionylacelale were suspended in 30 ml 
of ethanol. A solution containing sodium ethoxide prepared from 60 ml of elhanol and 806 mg (35. 1 mmol) of sodium 

so was added to the suspension at 0°C. The mixture was stirred overnight at room temperature and then heated at 50°C 
for 45 minutes. The resultant reaction solution was concentrated up to two times an initial concentration thereof. The 
concentrated solution was supplied with water to obtain a crystallized product. The crystallized product was separated 
from the reaction solution by filtration. Further the filtrate was concentrated to crystallize the reaction product remaining 
therein. The crystallized product obtained from the filtrate was also separated from the solution by filtration. The prod- 

55 ucts thus-obtained from the reaction solution and the filtrate were mixed together and dried under a reduced pressure 
to obtain 3.62 g of 3-propionylcycloheptafuran-2-one (yield: 61 %). 
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( O Synthesis gl l-cvano.g.Pthy L».., Me .3. eafhft h> 



45 



50 



55 



soJ^n t-z sss^^ r 3 ■? m : (35 - 8 mmo,) °' «*• <— - * 

5 and , .65 g (71 .7 mmol) of sodium, a. o"c At enhe mixed soM o ^ e ' h ° Xide Pf6pared ' f0m 80 ml °< elhano. 
ob.ained reaction solu.ion wa * co— rate- - W3S S " fred ° Verni 9 hl a < ro °™ temperal-re -he 

was diluted with 200 m. of ^^^^Z^ TT™ ^ ^ ^ 
mixed with dilute hydrochloric acid to acidify the aqueo an aqU6 ° US phase of «- extract was 
Ihe crystallized product was dried under a reduced 
"> acid (yield: 93 %). redUCed pressure ,0 obla ' n 3 73 g ol i<yano-2-e.h y ia 2 ulene-3- C arboxylic 

(d) Synthesis of ?- ethylazulene 

2-e.hy.azulene-3-carboxylic acid and heated to ? « , **** '° th6 pa * ' 6 > aboul ^oH -c Jano- 

The obtained reac.ion so.u.ion was added to an aqueous soful !! ! ° Ur£ 3nd ' Unher at 1 20 ° c f0f 2 hours, 
with a m,xed solution of hexane and ethy, aceteleT^^ ThP ? °' ^ eXUaC,ed 
» pressure. The resultan, crude produc, was purified by s. ca Q , c lmn h 6 301 ^ fem ° Ved Under 3 reduced 
azulene (yield: 67 %). M Dy S,llca gel column chromatography, to obtain 1 .71 g ol 2-ethyl 

solu.,on was mixed with 20 m, o, te.rahydrofura a O'C Further d T^l ,em P eralure 1-5 hours, ,he 
added to the solu.ion a. -78°C, followed by s.imnq a , Lj 1™ ° , \ ( mm0,) °' dichlo ^^^hylsilane was 
After the m,xed solution was allowed to Z ^ ^ "™ * 5 °° C '° r 3 h ^ 

> nde was added the ob.a.ned reaction so.ut.on The solSn ZZ f h aqU6 ° US S ° ,Uti ° n °' a ™°™m chlo- 
organ lc phase was dried with magnesium sulfate aESSiZaX aqU6 ° US and °'* a ™ P has - The 
crude product was purif.ed by a column *ron*Xwto^™£^ " """"" P ' eS5Ufe The obtained 
ane (10:1 to 5:1) as an eluen. sofven. to ob.a.n ? 07 g o, bisH 7 (2 a h 7T " m P° 8edof hexane and dichlorometh- 
(yeld 37 %). 9 01 b,s <^ 1 -(2-ethyl-4-phenyl dihydroazulenyl) dimethyl silane 

solution was stirred at room temperature overnioht \L l T y ^ ■ 4 " d,h ^ roa2ulen WJ climethylsilane at -78°C. After the 
and 0.25 ml of die.hy, ether were addec I.o the p'roduc o trm ^ ^ 1 ° m ' °< ^ 

chloride was added to the solu.ion at-70'C The temp „1 e^ 1 ' ^ ??5 mg (3 32 mmd > °' zirco ™m letra- 
temperature and stirred a. room temperature for hour Su^ I , t W3S gradually raised '° '°om 

and ,he ob,a,ned solid component was Sed S 6 m o. J 2b "^r 0 " WaS ««ered through celite, 

component was d.ssolved in 30 ml of dichlorome.hane and 1 J", , m °' h6Xane The tb "^bta,ned solid 
resultan, concentrated solution was supp,ie w" Jo mi of he anetLT' fem ° Ved 3 pressure 
from the so.ution, and then dried and solidified undeTa ^ educed ' re ^" a,e ^ Pr6CiPi ' a,e Separa,ed 

rn l x,ureo,d l me l hy,s 1 ly, e nebi sn ,i,,e lhyl . 4 . pheny , 4 ;rz^ 
(fl) Purific ation of racemic comp ound 

.ntoaTyre^Ts:.^^^^^^^^ 

with light undernormalpressure for lOmh £££ Z^ZZ^TL^ ^ S ° ,U "° n W3S 
d,ch.orome,hane was removed under a reduced pressure Th 39 °'f '"'"^taein. Thereafter, 
to form a solution, followed by stirring ,he solution A, enhe solu^on n S °' id ^ ^ Wi,h 5 ml °' lol ^ne 
washed with 6 ml of hexane to obtain 173 mg ot LTcew cT T, ^ ^ S ° M com P°^n« was 

4-hydroazu.enyl) zircon.um dichloride mP ° md °' dim e«hylsily| en e bi S{ l.r.(2-e.hy.-4- P heny|. 
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The chemical shifts of 1 H-NMR of the above-obtained racemic compound are as follows. 

300 MHz, CDCI3 (ppm) 1.00 (s, 6H, SiMe 2 ), 1.05 (t, 3 J=8H?, 6H, CH 3 CH 2 ), 2.42 (sext, 3 J=8H7, 2 J=1 5Hz. 2H, 
CH 3 CHH'). 2.60 (sext, 3 J=8Hz, 2 J=15Hz. 2H, CH 3 CHH'), 4.94 (br s, 2H. 4-H), 5.83-5.95 (m, 4H), 5.99 (s. 2H). 6.08-6.12 
(m, 2H), 6.75 (d, 2H. 8-H), 7.2-7.4 (m, 10H, arom). 

5 

(2) Polymerization of propylene: 

0.45 mmol of'triethylaluminum, a slurry of chemically treated clay minerals described hereinafter in Example 11 

(2) and 700 ml of liquid propylene were charged into a 1 -liter stirring-type autoclave at room temperature in the presence 
10 of a nitrogen stream. Further, 1.5 pmol of the racemic compound of dimethylsilylene bis{1,1'-(2-ethyl-4-phenyl-4-hy- 

droazulenyl} zirconium dichloride produced in the above item (1 ) was dissolved in toluene, and the solution was charged 
into the autoclave together with a high pressure argon gas breaking through the safety rupture disk. The content of 
the autoclave was heated to 80°C and the polymerization of propylene was conducted for one hour. Thereafter, unre- 
acted propylene was purged to terminate the polymerization of propylene, thereby obtaining 180 g of polypropylene. 
75 As a result of the measurements, it was confirmed that the catalyst activity was 3600 and the complex activity was 
17.6x 10 4 , and the obtained polypropylene had a melting point (Tm) of 1 49. 2°C, a melt flow rate (MFR) of 11, a weight- 
average molecular weight (Mw) of 20 x 10 5 and a Q-value (Mw/Mn) of 2.5. 

Reference Example 2: 

20 

<Polymerization of propylene> 

4 mmol (calculated as Al atom) of methylalumoxane ("MMAO" produced by TOSOH AKZO CORP.) and a toluene 
solution containing 0.27 mg of a racemic compound of dimethylsilylene bis{1 ,1 '-(2-ethyl-4-phenyl-4-hydroazu!enyl} 
25 zirconium dichloride were charged into a 2-liter stirring-type autoclave. Further, 1 ,500 ml of propylene was introduced 
into the autoclave. The content of the autoclave was heated to 70°C, and the polymerization of propylene was conducted 
for one hour to obtain 239 g of polypropylene. As a result of the measurements, it was confirmed that the complex 
activity was 87.2 x 10 4 , and the obtained polypropylene had a melting point (Tm) of 155. 2°C, a melt flow rate (MFR) 
of 0.6, a weight-average molecular weight (Mw) of 4.7 x 10 5 and a Q-value (Mw/Mn) of 3.1. 

30 

Example 7: 

(1) Chemical treatment of clay minerals: 

35 10 g of lithium hectorite (Li-HT produced by TOPY KOGYO CO., LTD.) was weighed and charged into a 300 ml 

round bottom flask. 1 00 ml of desalted water was introduced into the flask to form a slurry. The slurry was charged into 
a mechanical stirrer. While stirring the slurry, 8.9 ml of TiCI 4 (EXTRA-HIGH GRADE produced by KISHIDA CHEMICAL 
CO., LTD.) was gradually dropped thereinto at room temperature. The slurry was further stirred for 3 hours, and then 
filtered to remove a solid component therefrom. The obtained solid component was washed with water until the pH of 

40 filtrate thereof became 5.0. After drying at 100°C for 3 hours, the obtained filter cake was pulverized in a porcelain 
mortar and passed through a sieve to separate particles having a particle size of not more than 105 u.m from the 
remainder. The thus-obtained particles were dried at 200°C for 2 hours under a reduced pressure to obtain the com- 
ponent (B). 

45 (2) Preparation of solid catalyst component: 

1.2 g of the TiCI 4 -treated lithium hectorite obtained in the above item (1) was weighed and charged into a 100 ml 
flask in a nitrogen atmosphere. 1 2 ml ol toluene was added into the flask to form a slurry. Separately, a toluene solution 
of triethylaluminum (0.9 mol/liter) was prepared. While the slurry containing TiCI 4 -lreated lithium hectorite was stirred, 
so 6.4 ml of the separately prepared toluene solution of triethylaluminum was introduced into the slurry at room temper- 
ature. The slurry was stirred at room temperature for one hour, and then washed with toluene until the washing efficiency 
reached 1/100. As a result of the measurement, it was confirmed that the concentration of the slurry was 52.6 mg/ml. 

(3) Polymerization of propylene: 

55 

0.45 mmol of triisobutylaluminum, 1.9 ml of the catalyst slurry obtained in the above (2) and 1,500 ml of liquid 
propylene were charged into a 2-liter stirring-type autoclave at room temperature in the presence of a nitrogen stream 
Separately, 2.0 mg (3.0 umol) of a racemic compound of dimethylsilylene bis( 1 . 1 '-(2-methyl-4-phenyl-4-hydroazulenyl) 
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heated ,o 60'C and ,he po.ymenza.ioTo f p ^^^."LT ^ C ° n,en ' °' ,he 3U ' OC,3ve was 
reacted propylene was purged to terminal , ,2 T^T^n T 'empera.ure lor one hour. Thereafter, un- 

As a result o, the measurements, i, was o i I I ' ca ,a vsTac rT' '^e^* 31 ™ 9 "0 9 of polypropylene. 
10* and the obtained po.ypropy.ene had a n^^^^?^ n ' ^ W3S " * 

average molecular weigh. (Mw) of 1.7 x ,0* and a O^a.'ue \Tm^2 9 " ^ (MFR) °' 24 8 Wei9hl " 



w 



Example 8. 
(P Chemi cal treatment of clay minerak- 



75 



20 



10 g of lithium hectorite (Li-HT produced by TOPY KOGYO CO I Tn i • u „ 

round bottom flask. 10 0 ml of desalted water was introducedi^o .Hp ft'^I? 0 , We '9 hed and ch ^ged into a 300 ml 
a mechanical st.rrer. While stirring the slurry 25 ml If 1 1 f °' m 3 S ' Urry The slurr y was barged into 

GRADE produced by Wako Pu?ae^".^ 1 .ST" * T ^i 09 19 3 m9 °' A,C, 3 (EXTRA-H.GH 
The s.urry was further st.rred for 3 houT andte 2™ E° 9 ^ d ' 0pped ' herein, ° at room 'empera.ure 
component was washed with water urS' the P H o, r e ZZl* " ^'^r^' ,here ' r ° m The obla,ned «*i 
obtained filter cake was pulverized in a oorcelai I ! bGCame 5 0 A " er dr ^ n 9 at for 3 hours, the 

part.ce size o. no, more than oTZZTJZlTe Z T*"*!*™* * ^ «° Sep3r3,S ^ iCles ha ^9 a 
under a reduced pressure to obtain meZ^Z^ P ar " cles — dried a, 200»C for 2 hours 



(2) Preparat ion of solid catalyst comp onpnt 



25 



JO 



containing the AICI 3 -trea.ed lithium hectorite 5 5 ml of a Tl ' T< m \ ° ^ Wh " e Stirrin 9 ,he ^ 

troduced thereinto a. room temperature A fte'r tirrTn 1 T * U < elh W»™™™ (0 91 moMiter) was in 

-oluene un.i. the washing efficiency reached V1 00 As a ZXZIT *" ™ ^ ^ ^ ^ 

(ration of .he slurry was 35 7 mg/ml. ' h6 measuremen '. « was confirmed that the concen- 



(3) Polym erization of propylene- 



35 



40 



a nitrogen stream. Separately, 2 0 mg (3 0 umoll ofTJrZ? ™ ^ T * r °° m ,em P era,L "e in .he presence of 
ny.-4-hvdrcazu.eny,} zirconium dichlorLe ^ d s 0 ^ 

introduced into the autoclave together w„h a hi h pressure afoon J£TV° 3 S ° IU,, ° a The Solu,ion wa * 

content of the autoclave was heated to 80°C aSihe^ZerKS T ^ "* ^ ^ d,sk ' The 

(or one hour. Thereafter, unreached propylene wa « Z P PV ™ W3S C ° ndUC,ed at tha < '^perature 

•a-ning 68 g of polypropylene. As a result the measu fmel r P ° lymeri2a,ion of P«Wtene, .hereby ob- 

complex activity was 3.4 x 1 0* and tTZ^e7oZZt n „T IT" ^ ^ was 660 

rate (MFR) of 24.2 P°lypropy.ene had a mel.ing point (Tm) of 147.3°C and a mel. flow 



45 Example 9: 



so 



ss 



lllSy^ is ofdim^ 

(a) Synthe sis of racemic and meso mixture: 

3.22 g of 2-methylazulene was dissolved in 30 ml of hexanp ?1 minf a , . u 
lithium (1 .0 equivalent) was gradually added to ,h ^ a e s u o T^c Ter T 7 ^ °' Ph6ny ' 
hours, the resultant solution was cooled to -78°C and then mi£Z£ t 9 3 ' r °° m ,em P er ature for 1 .5 

supplied with 45 pmo, of 1 -me.hy.imidazo.e and 37 ° TZZTh T^"™ ^ S ° ,U,i ° n Was ,urthe ' 
raised to room temperature. The solution was sited foTonl ^^•'f' Ch,orosilane the temperature , her eo. was 
added, the solution was separated into ^^n^c^^^^ T™™ M ^ ™ 
magnesium sulfate and stirred under a reduced pressure t rPmo . K , Ph3S6 S6para,ed was with 

Product o. bis ( 1.r,2-me,hy,-4-pheny, 1 ,4-dC^ 5 84 « - a -de 
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The thus-obtained crude product of bis{ 1 , V-(2-methyl-4-phenyl-1 ,4-dihydroazulenyl} dimethylsilane was dissolved 
in 30 ml of diethyl ether 14.2 ml of a hexane solution of n-butyl lithium (1 ,64 mol/liter) was dropped into the solution 
at - 78°C, and the temperature of the solution was gradually raised to room temperature and stirred at room temperature 
for 12 hours. The solution was stirred under a reduced pressure to remove the solvent. Thereafter, 60 ml of a mixture 
5 of toluene and dimethyl ether (40:1 ) was added to the solution. Further, the solution was mixed with 3.3 g of hafnium 
tetrachloride at -60°C and temperature thereof was gradually raised to room temperature, followed by stirring at room 
' temperature for 4 hours. The obtained solution was concentrated under a reduced pressure to obtain a solid product. 
The obtained solid product was washed with toluene and extracted with dichloromethane to obtain 1 .74 g of a racemic 
and meso mixture of dimethylsilylene bis{1 ,1'-(2-methyl-4-phenyl-4-hydroazulenyl} hafnium dichloride. 

10 

(b) Purification of racemic compound: 

1.74 g of the racemic and meso mixture prepared by repeatedly conducting the above-mentioned reaction was 
dissolved in 30 ml of dichloromethane and charged into a Pyrex vessel equipped with a 100 W high-pressure mercury 
15 vapor lamp. While stirring, the solution was irradiated with light for 40 minutes under normal pressure to enhance a 
percentage ot the racemic compound therein, and stirred under a reduced pressure to remove dichloromethane. 10 
ml of toluene was added to the obtained yellow solid. After stirring, the mixture was filtered to separate a solid component 
therefrom. The thus-obtained solid component was washed with 8 ml of toluene and 4 ml of hexane to obtain 917 mg 
of a racemic compound of dimethylsilylene bis{l ,l-(2-methyl-4-phenyl-4-hydroazulenyl) hafnium dichloride. 

20 

(2) Polymerization of propylene: 

The same procedure as defined in Example 13(2) described hereinafter was conducted except that 1.12 mg of 
the racemic compound obtained in the above item (1) was used as the component (A) and the polymerization time 
2S was changed to 35 minutes, to obtain 163 g of polypropylene. As a result of the measurements, it was confirmed that 
the catalyst activity was 3260 and the complex activity was 25.0 x 10 4 . Further, it was confirmed that the obtained 
polypropylene had a melting point (Tm) of 152.7°C, a melt flow rate (MFR) of 0.8, a weight-average molecular weight 
(Mw)of 4.1 x 10 5 andaQ-value (Mw/Mn)of 2.6. 

30 Reference Example 3: 

4 mmol (calculated as Al atom) of methylalumoxane ("MM AO" produced by TOSOH AKZO CORP.) and 0.298 mg 
of the racemic compound obtained in the above item (1 ) of Example 9 were charged into a 2-liter stirring-type autoclave. 
Further, 1 ,500 ml of propylene was introduced into the autoclave. The content of the autoclave was heated to 70°C, 
35 and the polymerization of propylene was conducted at that temperature for one hour to obtain 32 g of polypropylene. 
As a result of the measurements, it was confirmed that the complex activity was 10.7 x 10 4 , and the obtained polypro- 
pylene had a melting point (Tm) of 1 54.4°C, a melt flow rate (MFR) of 0.08, a weight-average molecular weight (Mw) 
of 8.4 x 10 5 and a Q-value (Mw/Mn) of 3.8. 

40 . Example 10: 

(1) Chemical treatment of clay minerals: 

22.20 g of commercially available montmorillonite ("KUNIPIA F" produced by KUNIMINE INDUSTRIES CO., LTD.) 

45 was dispersed in a solution prepared by dissolving 15.96 g of MgS0 4 in 134 ml of desalted water. The resultant dis- 
persion was heated at 86°C for one hour while stirring, thereby obtaining a wet cake. Next, the thus-obtained wet cake 
was dispersed in a solution prepared by dissolving 23.38 g of sulfuric acid and 29. 1 6 g of MgS0 4 in 69.24 ml of desalted 
water, and then treated under reflux for 2 hours. Thereafter, the dispersion was filtered to separate a cake therefrom. 
The obtained cake was washed with water until the pH of filtrate theiefrom reached 6. The resultant product was dried 

so at 100°C for 3 hours, pulverized in a porcelain mortar and passed through a sieve to separate particles having not 
more than 105 urn The particles were dried at 200°C for 2 hours under a reduced pressure, thereby obtaining the 
component (B). 

(2) Production of solid catalyst component and pre-polymerization of propylene: 

55 

0.8796 g of the component (B) obtained in the above (1) was charged into a 100 ml flask in a nitrogen atmosphere. 
In addition, 3.5 ml ot a toluene solution containing triethylaluminum in an amount of 0.50 mmol/ml was charged into 
the flask, and then mixture in the flask was stirred at room temperature for 45 minutes. Next, the mixture was filtered 
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■o separate a solid component therefrom. The thus-separated solid component was washed with toluene until the 
washing efficiency reached 1/100. Thereafter, the solid component was mixed with 1 5 ml of toluene to prepare a. oluene 

Separately. 0.6 ml of a toluene solution of triisobutylaluminum (0.50 mmol/ml) and 19.1 ml of a toluene solution of 
raceme d.me.hyls.lylene bisfU^-melhyU-phenyM-hydroazuleny.)} hafnium dich.oride (1.5 umof/mS oSSSS 
Example 9(1 ) were charged into a 1 00 ml flask, and stirred at room temperature to obtain a solution. The IsSed 
solution was mtxed w.th the above -prepared toluene slurry to form a slurry containing a solid catalyst componen 

A 2-hterst.rr.ng-.ype autoclave was charged with 40 ml of toluene and then with 36 ml of the above-prepared slurrv 
con a ini ng <he sohd catalyst component, a. room temperature in the presence of a nitrogen stream VtS^S£Z 
the temperature of the auloc.ave a, 24'C. 1 04 ml of propylene was introduced into the aLclave and ub^Te To I 
po.ymenzanon for 3 mmu.es to obtain a pre-po.ymerizalion catalyst slurry. The amount of the polymer obtained by the 
pre-polymenza ,on was 2.98 g per one gram of the solid catalyst component. The concentrator Li the oSalyst 
component in the obtained pre-polymerization catalyst slurry was 1 2.5 mg/ml. V 

(3) Block copolymerization of propylene: 

so o 0 m 4 l7h O J °' ;. f ' iS0 ^ U i , y |aluminum > < he Pre-polymeriza.,on catalyst slurry obtained in the above (2) which contained 

m J T T T P ° nenl 200 m ' ° f hydr ° 9en 8nd 1 ' 50 ° ml °' lic < uid ? r °Py |en e were ntroducedT ,o a 
2-mer st rring-type autoclave. Thereafter, the content of the autoclave was heated to 75X toconduc. the polymeria ron 

iSSS ^ Ule : Thefea " er ' Unre3C,ed PfOPylene W3S Puf 9 ed 10 lermina,e the PolymenzatioS ofpropy lene 
w s 5780 h Tel' J 9 O, t P ° yPr0Py f 6 AS » feSUh °' ' he meas — ■ <*» confirmed , ha, the catalyst Sy 

a W n a d S ame°,i ZZ^T^ ' ^ ^ ' ^ "** ^ °' 

, A ,' ,er 1 L 9 .o°' ,h ! ° btained P 0| yP r °Py |er1e was amoved from the autoclave, while maintaining the content of the 
autoclave a. 60°C, the autoc.ave was supplied with propylene and then ethylene until propylene and ethylene press s 
withm the autoclave reached 10 kg./cm^G and 20 kgf/cm^G, respectively. The thus supplied propylene and th en, 
were polymerized with each other for 80 minutes while introducing a mixed gas of e.hyLe and propylene havCo a 
propylene parte pressure of 49 97 % to maintain an internal pressure of the autoclave a. 20 kgL^G ThereTer 
the mixed gas of ethylene and propylene was purged to terminate the polymerization, thereby obtaining 46 g of a 
ethylene/propylene rubber componen. As a result of the measurements, i, was confirmed .ha. the catalytic ac^itv 
was ? a .he complex acuity was 4.0 x 10-, and ,he con.en. of rubber componen. in .he «*to£S££Z 
was 14.3 % by weigh, and a melt flow rate (MFR) of 7.0. tupuiymer 

Example 11: 

(1) Synthesis of dimelhylqermylene (1.T-(2-methvl-4. p henvl-4-hvdroa7ulenyll zirconium riichloridP 

nh Jwf. ?h°' 2 m n' D h M aZUlene W3S d ' SSO,Ved ' n 38 m ' °' n " heXane 9 8 ml 01 a cyclohexane/diethyl ether solution of 
phenyl lithium (1 .08 M) was gradually dropped into .he n-hexane solu.,on a. a .empera.ure of 3°C to 5°C Zna 
a. room temperature for one hour, the resultant solution was cooled to 0°C, and then 38 ml of tetrahydfo u an was 
added. Further, 0.02 m, of 1-me.hylimidazole and 0 61 ml of dimethy.germanium dichloride wer droppe ntoThe 
so utm After st.rnng a, 0°C for 20 minu.es, ,he .empera.ure of .he reaction solution was raised ^ZetZl 
n uZ n» y a ' 'T tempefalUre ,or 3 5 hou ' s The reaction solution was mixed with a sa.uTa e7aqul s 

nh ' rl ammon ' um h Ch,oride ^d extracted with n-hexane. The extract was separated into aqueous and Z c 
phases. The organic phase was washed with a saturated brine, and dried w„h magnesium sulfate The dried p roduS 
was stirred under a reduced pressure to remove the solvent remaining therein. 2.9 g of the thusob.ained concenua.ed 
residue was purified by a column chroma.ography, .hereby ob.aining 2.4 g of an amorphous solid prcSuc° 

Next, 24 g ol the Ihus-ob.ained amorphous solid product was dissolved in 30 ml ol diethyl ether 5 6 ml of an n- 
hexane solution of n-buty. lithium (1.59 M) was dropped into the diethyl ether solution a. -78'C AfL slirrTno. luhat 
temperature for 10 minu.es, the temperature of the solution was gradually raised to room temped u e Z furthe 

zzi:r e l r peraiu,e ,or 2 hours ' ,he so,u,ion was a,iowed ,o s,and -con ^lzz ses 

under a reduced pressure to remove the solvent, and then mixed with 20 ml of toluene and 0 5 ml of diethyl eTe After 
cooling o -78°C, the reaction solution was mixed with 1 .0 g of zirconium tetrachloride, the reaction tempol" wa 
gradually increased to room temperature, followed by stirring a. room temperature for 5 hours in to.alX ob ained 
reaction solution was H.ered .hrough celi.e to separate a solid componen. therefrom. The thus-obtatedlohd compo 
nan was washed w„h 5 m, of toluene two times and then extracted with dichlorome.hane. The extrac was s2Z ' 

racemic , met ZZt 4^Z T T*" ^ 9 °' * M ^ ™*° ^ZToi 

meso _ about 6.4) of d.me.hylgermylene b.s| 1 , 1 •-(2-me.hyl-4. p henyl-4-hydroazulenyl) zirconium dichloride 
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(yield: 30 %). 

The chemical shifts of 1 H-NMR of the above -obtained racemic and meso mixture are as follows. 
300 MHz, CDCI 3 (ppm) 1 14 (s. meso SiMe), 1.18 (s, meso SiMe), 1.20 (s. meso SiMe), 2.16 (s, 2-Me), 4.98-5.00 
(m, -CH=), 5.06-5.08 (m, -Chb), 5.83-5.94 (m, -CH=), 6.06-6.3 (m, -CH=), 6.67 (s, -Chk). 6.71 (s, -CH=), 7.2-7.5 (m, 
5 aromatic ring) 

(2) Chemical treatment of clay minerals and preparation of solid catalyst component: 

10 g of montmorillonite ("KUNIPIA F M produced by KUNIMINE INDUSTRIES CO.. LTD.) was dispersed in dilute 
10 sulfuric acid composed of 10 g of sulfuric acid and 90 ml of desalted water. The resultant dispersion was heated up to 
a boiling point thereof, followed by stirring at that temperature for 6 hours. Thereafter, the montmorillonite recovered 
was sufficiently washed with desalted water and, after pre-drying, dried at 200°C for 2 hours to obtain a chemically 
treated clay minerals. 200 mg of the chemically treated montmorillonite was added to 0.8 ml of a toluene solution of 
triethylaluminum (0.5 mol/liter). The mixture was stirred at room temperature for one hour, and then washed with toluene 
is . .to obtain a montmorillonite/toluene slurry containing montmorillonite in an amount of 20 mg/ml. 

(3) Polymerization of propylene: 

0.5 mmol (calculated as Al atom) of triisobutylaluminum (produced by TOSOH AKZO CORP.) was charged into a 
20 2-liler stirring-type autoclave. Separately, 2.1 mg of the above-prepared racemic and meso mixture of dimethylger- 
mylene (1 ,1'-(2-methyl-4-phenyl-4-hydroazulenyl} zirconium dichloride obtained in the above (1) was diluted with 1.1 
ml of toluene. The diluted racemic and meso mixture was charged into a catalyst feeder equipped with a safety rupture 
disc. Further, 1 00 mg of the triethylaluminum-treated montmorillonite obtained in the above (2) and 0.3 mmol (calculated 
as Al atom) of triisobutylaluminum were charged into the autoclave. Thereafter, 1 ,500 ml of propylene was introduced 
25 jnto the autoclave and the safety rupture disc of the catalyst feeder was broken at room temperature. After the content 
of the autoclave was heated to 80°C, and the polymerization of propylene was conducted at that temperature for one 
hour, thereby obtaining 69 g of polypropylene. As a result of the measurements, it was confirmed that the catalyst 
activity was 690 and the complex activity was 3.3 x 10 5 . Further, it was confirmed that the polypropylene insoluble in 
boiled heptane had a melting point (Tm) of 147.9°C, a melt flow rate (MFR) of 7.3, a weight-average molecular weight 
30 (Mw)of 2.4 x 10 5 and a Q-value (Mw/Mn) of 2.4. 

Example 12: 

(1) Synthesis of dimethylsilylene bis|1 ,1 , -(2-methyl-4-(4-chlorophenyi)-4-hvdroazulenyl)1 zirconium dichloride: 

35 

(a) Synthesis of racemic and meso mixture: 

11 .7 ml of a pentane solution containing 1 9.2 mmol of t-butyl lithium (1 .64 M) was dropped into a solution prepared 
by dissolving 1 .84 g (9.6 mmol) of 1-bromo-4-chlorobenzene in a mixed solvent composed of 10 ml of n-hexane and 

40 10 ml of diethyl ether, at -78°C. The resultant solution was stirred at -5°C for 1.5 hours, and then 1.2 g (8.6 mmol) of 
2-methyl azulene was added to the resultant solution. The obtained reaction solution was stirred for 1.5 hours while 
the temperature thereof was gradually raised to room temperature. 

Thereafter, the reaction solution was cooled to 0°C and mixed with 15 uJ (0.19 mmol) of 1-methylimidazole and 
then with 0.52 ml (4.3 mmol) of dimethyldichlorosilane. After the reaction solution was stirred at room temperature for 

45 1 .5 hours, dilute hydrochloric acid was added thereto to terminate the reaction. The reaction solution was separated 
into organic and aqueous phases, and the organic phase was concentrated under a reduced pressure. After dichlo- 
romethane was added to the concentrated organic phase, the mixture was dried with magnesium sulfate and stirred 
under a reduced pressure to remove the solvent. The thus-obtained product was purified by a silica gel column chro- 
matography (a mixed solvent: dichloromethane and n-hexane), thereby obtaining 2.1 g of an amorphous solid product. 

so Next, 1 .27 g of the thus-obtained amorphous solid product was dissolved in 15 ml of diethyl ether. 2.8 ml of an n- 

hexane solution containing 4.5 mmol of n-butyl lithium (1.66 M) was dropped into the diethyl ether solution at -78°C. 
After completion of the dropping, the reaction solution was stirred for 12 hours while the temperature thereof was 
gradually raised to room temperature. After the reaction solution was stirred under a reduced pressure to remove the 
solvent, 5 ml of a mixed solvent of toluene and diethyl ether (40:1) was added thereto. After cooling to -78°C, the 

55 reaction solution was mixed with 0.53 (2.3 mmol) g of zirconium tetrachloride and the temperature thereof was imme- 
diately raised to room temperature, followed by stirring at room temperature for 4 hours. The obtained reaction solution 
was filtered through celite to separate a solid component therefrom. The thus-obtained solid component was washed 
with 3 ml of toluene to recover a solid reaction product. The recovered solid reaction product was extracted with dichlo- 



EP0 846 696 A1 



romethane. The extract was stirred under a reduced pressure to remove the solvent, thereby obtaining 906 mo of a 
ZZ^ e SSoT We °' dime ' hylSily,ene bi ^ 1 - 1 ^-%-<- C n'o-phen V ,-4-h y droa,u,en y 9 . )1 zirconium 

So ^u m 'T Shif ' S ° ( 1H NMR °' ' he above -° b 'ained racemic and meso mixture are as follows 
300 MHz, C 6 D 6 (ppm) 0,45 (s, meso SiMe). 0.50 (s, racemic SiMe). 0.57 (s. meso SiMe). 1 86 (s meso 2-Me) 
1. 96 (s,racem,c2-Me), 5. 17 (brs, racemic 4-m, 5.22 fbrs mp^.m , ,~ _r- u _, 6 « « - , r ! ~ - , - - 

(b) Purification of racemic compound 

STT'fu? mQ ° f ,hS above -P f0dlJC ed racemic and meso mixture was dissolved in 20 ml of dichloromethane and 
acem clomoo T ^ * ™ W Assure ~* vapor lamp to enhance a ^ Z age of he 

raceme compound ,n the m,x.ure. Thereafter, inso.ub.e components were removed from the solution by filtration and 

wS 22 'Tnu T T, WaS COncen,ra,ed ' dried and "ofcjh-ecl ^x., the thus-obtained solid component w^s mixed 
wrth 22 ml of toluene while strrnng and then allowed to stand, followed by remov.ng the supernatant therefrom Such 
pur.fy.ng operates were repeated four times, and the ob.a.ned solid res.due was dried to obtain 27 To alce^ 
compound o, d,me.hy.si ly ,ene bis[ { 1.r.(2-methy.-4-(4.ch.oro P hen y i,-4-h y droazu l en y , )] zirconium dS " 
The chem-cal sh.fts of ^H-NMR of the above -obtained racemic compound are as follows 

300 MHz, CDCI 3 (ppm) 0.95 (s, 6H, SiMe), 2.13 (s, 6H, 2-Me), 4.82-4.85 (brd 2H) 5 70-5 78 (m 2H1 5 83 S Q? 
(m, 4H), 6.03-6.12 (m, 2H), 6.70 (d, J = 1 2Hz, 2H), 7.1-7.35 (m, 8H, -CH=) ' ( 5 2 

(2) Polymerization of pr o pylene using methylalumoxane as cocataly st 

4 mmol (calculated as Al atom) of triethylalummum ("MMAO", produced by TOSOH AKZO CORP ) and 0 29 mo 
of the abovc-ob.a.ned racemic compound were charged into a 2-liter st.rring-.ype autoclave Further the autoclave 
was charged with 1 ,500 m. of propy.ene. The content of the autoc.ave was heaLTo 70= C ,0 conduc U^^Z 

thatTlT T ° ne ( h r ' he f V ° b, r m9 72 9 °' ^ a °< measurements, it wasTonfirmed 

hat the complex act.v.ty was 24 9 x 104, and the obtained polypropylene had a me.ting point (Tm) of 1 50 4"C a I 
flow rate (MFR) of 1.1 , a weigh.-average molecular weigh, (Mw) of 3.6 x 1QS and a Q-value (Mw/Mn) of 3.0. 

Example 13: 

<Polymerization of propylene using clay minerals as cocatalyst> 

(1 ) Chemical treatment of clay minerals an d preparation of solid catalyst comp onent 

t„n,nn he m Sa r 35 " E * amp,e 11(2) WaS conducted to obta.n a montmorillomte/toluene slurry con- 

taining montmonllonite in an amount of 33 mg/ml. y 

(2) Polymerization of propylene: 

a i If.r 0 ' ( , CalCUlaleC ! 35 A ' at0m) °' triisobutylaluminum (produced by TOSOH AKZO CORP) was charged into 
a -I ter st.rr.ng-type autoclave. Separately, 1 .09 mg of the racemic compound obtained in Example 1 2(1 ) was diluted 
w«h toluene, and then charged into a catalys, feeder equipped wrth a safety rupture disc. Further the abo^SS 

° T ? T Therea,ter ' 700 ml 01 P f °Py |ene was introduced into the autoclave and the safety rupture disc of 

vme^ r f T br ° ken 31 r °° m ,empera!Ufe A,,er lhe conlenl °« «" autoclave was heated 1 80'C the po 
lymer.za.ion of propylene was conducted a. that temperature lo, one hour, thereby obtaining 1 31 . 3 g of polypropylene 

13 5^To^ and he m o b r SUr T e r S ' " T T™" *" ^ ™ 3 '°°° ^ ,he ^ ^ 

1 3.5 x 1 04, and the ob.a.ned polypropylene had a melting point (Tm) of 1 49.2X, a melt flow rate (MFR) of 5 8 a weiqht- 

average molecular weight (Mw) of 2.4 x 1 0* and a Q-value (Mw/Mn) of 2.5. 
Example 14: 

Qlgiathesiso^^ 

ho Jr 653 ™ 6 ^ 1 " 6 aSde,inedin Exam P' e 12(D(a) wasconduc.ed except that 1. 35 go. 1-bromo-4-trifluorome.hyl 
benzene was used .ns.ead oM , 5 g o, 1 -bromo-4-ch^ 
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solid product. 

Using the above-produced amorphous solid product, 2.2 ml of an n-hexane solution of n-butyl lithium (1 .66M) and 
0.42 g (1.8 mmol) of zirconium tetrachloride, the same procedure as defined in Example 12(1)(a) was conducted, 
thereby obtaining 0.36 g of a yellow solid product. As a result of 1 H-NMR analysis, the yellow solid product was identified 
5 to be a racemic and meso mixture ol dimethylsilylene bis[1 1 V-{2-methyl-4-(4-trifluoromethyl phenyl)-4-hydroazulenyl)] 
zirconium dichloride. The yield of the product was 15 %. 

(2) Polymerization of propylene using methylalumoxane as co-catalyst: 

io a mmol (calculated as Al atom) of methylalumoxane ("MM AO" produced by TOSOH AKZO CORP.) and 0.6 mg of 

the above-produced racemic and meso mixture were charged into a 2-liter stirring-type autoclave. Further, 1,500 ml 
of propylene was introduced into the autoclave. After the content of the autoclave was heated to 70°C, the polymeri- 
zation ol propylene was conducted at that temperature for one hour, thereby obtaining 50 g of polypropylene. As a 
result of the measurements, it was confirmed that the complex activity was 8.3 x 10 4 , and the obtained polypropylene 

is had a melting point (Tm) of 1 53.2°C and a melt flow rate (MFR) of 1 .0. 

Example 15: 

(1) Synthesis of dimethylsilylene bisf 1 ,r-{2-methyl-4-(4-fluorophenvl)-4-hvdroazulenyl)l zirconium dichloride: 

20 

(a) Synthesis of racemic and meso mixture: 

10 ml of a pentane solution containing 16.4 mmol of t-butyl lithium (1.64 M) was dropped into a solution prepared 
by dissolving 0.90 ml (8.2 mmol) of 1 -bromo-4-fluorobenzene in a mixed solvent composed of 10 ml of n-hexane and 

25 io ml of diethyl ether, at -78°C. The obtained solution was stirred at -78°C for 15 minutes, and then at -10°C for 45 
minutes. Thereafter, the solution was mixed with 1.05 g (7.37 mmol) of 2-methyl azulene to react these components 
with each other. The resultant reaction solution was stirred for one hour while the temperature thereof was gradually 
raised to room temperature. Thereafter, the reaction solution was cooled to 0°C, and mixed with 10 ml of tetrahydro- 
furan. Further, the reaction solution was mixed with 16^1 (0.20 mmol) of 1 -methylimidazole and 0.45 ml (3.7 mmol) of 

30 dichlorodimethyl silane After the reaction solution was stirred at room temperature for one hour, dilute hydrochloric 
acid was added thereto to terminate the reaction. The solution was separated into organic and aqueous phases, and 
the thus-separated organic phase was concentrated under a reduced pressure and dried with magnesium sulfate. The 
dried product was stirred under a reduced pressure to remove the solvent remaining therein. The thus-obtained product 
was purified by a silica gel column chromatography (a mixed solvent: dichloromethane and n-hexane), thereby obtain- 

35 ing 2.1 g of an amorphous solid product. 

Next, 1.55 g of the thus-obtained amorphous solid product was dissolved in 15 ml of diethyl ether. 3.5 ml of an n- 
hexane solution containing 5.8 mmol of n-butyl lithium (1.66 M) was dropped into the diethyl ether solution at -78°C. 
After completion of the dropping, the reaction solution was stirred for 12 hours while the temperature thereof was 
gradually raised to room temperature. After the reaction solution was stirred under a reduced pressure to remove the 

io solvent, 6 ml of a mixed solvent of toluene and diethyl ether (40:1) were added thereto. After cooling to -78°C, the 
solution was further mixed with 0.68 g (2.9 mmol) of zirconium tetrachloride and the temperature thereof was imme- 
diately raised to room temperature, followed by stirring at room temperature for 4 hours. The obtained reaction solution 
was mixed with 30 ml of dichloromethane and filtered through celite. 25 ml of n-hexane was added to the obtained 
filtrate, thereby obtaining, as a deposited product, 1.0 g of a racemic and meso mixture of dimethylsilylene bis[1,V- 

^5 (2-methyl-4-(4-fluorophenyl-4-hydroazulenyl}] zirconium dichloride (yield: 50 %). 

The chemical shifts of 1 H-NMR of the above-obtained racemic and meso mixture are as follows. 
300 MHz, C 6 D 6 (ppm) 0.45 (s, meso SiMe), 0.51 (s, racemic SiMe), 0.58 (s, meso SiMe), 1.89 (s, meso 2-Me), 
1 .97 (s, racemic 2-Me), 5.20 (br s, racemic 4-H), 5.28 (br s, meso 4-H), 5.6-6.2 (m, -CH=), 6.75-7.4 (m. -CH=) 

50 (b) Purification of racemic compound: 

Next, 333 mg of the above-produced racemic and meso mixture was suspended in 20 ml of dichloromethane and 
irradiated for 10 minutes by a 100 W high-pressure mercury vapor lamp to enhance a percentage of the racemic 
compound in the mixture. Thereafter, insoluble components were removed from the solution by filtration, and the re- 
55 covered filtrate was concentrated, dried and solidified. Next, the thus-obtained solid component was mixed with 4 ml 
of toluene while stirring and then allowed to stand, followed by removing the supernatant therefrom. Such purifying 
operations were repeated three times, and the obtained solid residue was washed two times with hexane and then 
dried, thereby oblaining 115 mg of a racemic compound of dimethylsilylene bis(1,1'-{2-methyl-4-(4-fluorophenyl)-4-hy- 
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droa2ulenyl}J zirconium dichloride. 

The chemical shifls ol 'H-NMR of ihe above-obtained racemic compound are a* follows 

300 MHz, CDCI 3 (ppm) 0.95 (s. 6H. Si-Me). 2.14 (s. 6H. 2-Me). 4.84 (br. 2H, 4-H), 5 72-5 90 (m 6H) 6 05 6 10 
(m. 2H), 6.72 (d. J = 12Hz. 2H), 5.95-7.05 (m, 4H. -CH=). 7.32-7.40 (m. 4H, -CH=) 

(2) Polymerization of p ropylene using melhylalumoxane as cocatalys! 

The same procedure as defined in Example 12(2) was conducted except that 0.29 mg of the racemic comoound 
obtained ,n the above hem (1 ) was used instead of the racemic compound obtained in Example 1 W ^obZZ o 
o^ZZ , S 3 V h" 01 measuremen,s ' " ™* confirmed that the comp.ex activity was 1 , x i5 anc hhe 

Example 16: 

<Polymerization of propylene using clay minerals as cocatalyst> 

oh, J,Hl Sa 7 ^TT 35 d6fined in EXamp ' e 1 3(2) W3S conduc,ed e ^e P t that 1 .035 mg of the racemic compound 
ob a.ned n Example 15 was used instead of the racemic compound obtained in Example 13(1) to obtain 154 o of 
polypropylene As a result of Ihe measurements, it was confirmed .ha. the ca.aly.ic activity was 3080 and the complex 

oi 6 7^Z1V ' and ,' he ° b,ained P0,ypro ^ le ' ie had a ^'""9 Pom. (Tm, of 148.0'C, a me,, flow rate (MFR) 
of 6.9, a we.ght-average molecular weight (Mw) of 2.2 x 10* and a Q-va,ue (Mw/Mn) of 2.4. 

Example 17: 

(1) Synthesis of dimethylsilylene bi S f1,V- { 2-methy |.4. ( 3. r hloroph9nvn.4.hvri H v,zulenvin hafnium Hi.hin r ,H B . 
(a) Synthesis of racemic and meso mixture: 

18.7 ml of a pentane solution containing 30 65 mmol of t-butyl lithium (1 .64 M) was dropped into a solution prepared 
by d.ssolvmg 18 ml (1 5.32 mmol) of 1 -bromo-3-ch.orobenzene in a mixed solvent composed of 20 m o n hexane and 
20 m of diethyl e.her, a. -78»C. The resultant solution was s„rred at -5«C for 1 hour, anS then mixed wrth l 96 o n 3 79 
mmol) of 2-me.hy azulene ,0 react these components with each other. The obtained reaction so.u.ion was st' r d ,0! 
1 .25 hours while the temperature thereof was gradually ra.sed .0 room temperature. Thereafter the reacton solution 

0 Wa 8 S 4m, 0 ; • 9 mmoTl M TT^ °' and 30 M« (0 38 mmol) of 1 -methylimito^h^ 

Jl k h T ° ^ ,chlorodime,h y | Sllane After the reaction solution was stirred at room temperature for 1 5 hours 
dilute hydrochloric acd was added thereto to terminate the reaction. The reaction solution was separated into orqanfc 

a ed^X^^nLTedo 6 ^ ™- * P ~ ™« «^™^Z 

nr^l ! conce "' ra,ed orq anic P hase ' ™ture was dr,ed with magnesium sulfate and stirred under a reduced 
pressure to remove the solvent, thereby obtaining an amorphous crude reaction product 

Next, the thus-ob.a,ned amorphous crude reaction product was dissolved in 20 ml of dry diethyl ether 8 6 ml of 

78X AfteTcom^ 2 "Tl T' °' ° * M > WaS dr ° PP6d ' nt ° '^Wether oltion a 

was L ri ! . P J ° PP,n9 ' reaC,i ° n SOlU ' i0n W3S S,,rred ,or 12 hours whil * temperature (hereof 

,he?o ^ V a T e f r °°^ lemperatUre A,,er ,he reaction "OMton was stirred under a reduced pressure ,0 remove 
he solvent. 5 ml of a m.xed solvent o. toluene and diethyl ether (40. 1 ) was added thereto. After cooling ,0 -78° C the 
eacfton solution was m.xed with 2.2 g (6.9 mmol) of hafnium tetrachloride and the temperature thereof was immedfc tely 
SredThro° m h T Pe ; a,Ure ' ' 0 " 0Wed ? S,lmn9 " <" 5 ^ ™e obtained reaction solutfon was 

5 m of ? 9 i e .° ? P f : a ' e 3 S0 " d COmPOnen, ,here,r ° m The Gained so„d component was washed wfth 
r ? h m h6Xane '° r6COVer 3 SO ' id reaC,i ° n P raducl The recov ^ d soL reaction product was 

T ° d,Ch '° r0me,ha - The ~' rac ' ™ birred under a reduced pressure ,0 remove the oil, 

J ! * ? m 7 f 1 m9 J ?; faCem ' C and mes ° mix,Ufe of d -e.hy, s i,y,ene bis[1,r- { 2-me«hy l -4-(3-chbro P henyl- 
4-hydroazulenyl}] hafnium dichloride (yield: 10%). wiupnenyi 

(b) Purification o( racemic compound: 

H Fl ! r, i e \ 5 J, 1 k 9 , 0 ' above -P roduced race ™ and meso mixture was dissolved in 15 ml of dichloromethane and 
irradiated w.th Ugh, for 15 minutes by a 100 W high-pressure mercury vapor lamp ,0 enhance a perceTaoe of "he • 
racem.0 compound in the m,x.ure. Thereafter, inso.ub.e components were removed'.rom the soL'on "Son and 
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then the recovered filtrate was concentrated, dried and solidified. Next, the thus-obtained solid component was mixed 
with 5 ml ol toluene while stirring, followed by filtration of the resultant mixture through frit The obtained solid residue 
was washed with 3 ml of toluene and 4 ml of hexane, and then dried under a reduced pressure, thereby obtain 290 
mg of a racemic compound of dimethylsilyiene bis[ 1 , 1 '-{2-methyl-4-(3-chlorophenyl)-4-hydroa2ulenyl)] hafnium dichlo- 
5 ride. 

The chemical shifts of 1 H-NMR of the above-obtained racemic compound are as follows. 

300 MHz, CDCI 3 (ppm) 0.95 (s, 6H, SiMe), 2.22 (s, 6H, 2-Me). 4.93-4.97 (br d, 2H), 5.70-5.90 (m, 6H), 5.97-6.05 
(m, 2H), 6.75 (d, 2H). 7.15-7.27 (m, 6H, arom); 7.-33 (s ; 2H, arom) — -■ 

10 (2) Polymerization of propylene using clay minerals as co-catalyst: 

The same procedure as defined in Example 1 3(2) was conducted except that 1 .22 mg of the racemic compound 
obtained in the above item (1) was used instead of the racemic compound obtained in Example 12(1), to obtain 110 g 
of polypropylene. As a result of the measurements, it was confirmed that the complex activity was 9.0 x 1 0 4 , the catalytic 
is activity was 2200, and the obtained polypropylene had a melting point (Tm) of 1 52.4°C and a melt flow rate (MFR) of 0.5. 

Example 18: 

(1) Synthesis of dimethylsilyiene bis[1 ,1'-{2-methvl-4-(4-chlorophenvl)-4-hydroazulenylll hafnium dichloride: 

20 

29 ml of a pentane solution containing 47.0 mmol of t-butyl lithium (1 .64 M) was dropped into a solution piepared 
by dissolving 4.5 g (23.53 mmol) of 1 -bromo-4-chlorobenzene in a mixed solvent composed of 30 ml of n-hexane and 
30 ml of diethyl ether, at -7B°C. The resultant solution was stirred at -5°C for 1 .5 hours, and then mixed with 3.0 g (21 .2 
mmol) of 2-methyl azulene to react these components with each other. The reaction solution was stirred for 1 hour 

25 while the temperature thereof was gradually raised to room temperature. 

Thereafter, the reaction solution was cooled to -5°C, and then mixed with 40 uJ (0.47 mmol) of 1-methyiimidazole 
and then with 1 .28 ml (10.59 mmol) of dichlorodimethyl silane. After the reaction solution was stirred at room temper- 
ature for 1.5 hours, dilute hydrochloric acid was added thereto to terminate the reaction. The reaction solution was 
separated into organic and aqueous phases, and the organic phase was concentrated under a reduced pressure. After 

30 the solvent is removed, the obtained product was purified by a silica gel column chromatography (a mixed solvent: 
dichloromethane and n-hexane), thereby obtaining 2.74 g of an amorphous solid product. 

Next, the thus-obtained reaction product was dissolved in 20 ml of dry diethyl ether. 6.3 ml of an n-hexane solution 
containing 9.72 mmol of n-butyl lithium (1 .54 M) was dropped into the diethyl ether solution at -78°C. After completion 
of the dropping, the reaction solution was stirred for 12 hours while the temperature thereof was gradually raised to 

35 room temperature. Thereafter, the reaction solution was stirred under a reduced pressure to remove the solvent, and 
then mixed with 1 5 ml of a mixed solvent of dry toluene and dry diethyl ether (40: 1 ). After cooling to -78°C, the reaction 
solution was mixed with 1.56 g (4.86 mmol) of hafnium tetrachloride and the temperature thereof was immediately 
raised to room temperature, followed by stirring at room temperature for 4 hours. The obtained reaction solution was 
filtered through celite to separate a solid component therefrom. The thus-obtained solid component was extracted with 

40 go ml of dichloromethane. The extract was subjected to distillation to remove the solvent therefrom, thereby obtaining 
320 mg of a racemic compound of dimethylsilyiene bis[1 ; 1'-{2-methyl-4-(4-chlorophenyl)-4-hydroazulenyl}] hafnium 
dichloride (yield: 7 %). 

The chemical shifts of ^-NMR of the above-obtained racemic compound are as follows. 

300 MHz, CDCI3 (ppm) 60.95 (s, 6H, SiMe 2 ), 2.21 (s, 6H, 2-Me), 4.92-4.96 (br d, 2H), 5.70-6.15 (m, 8H), 6.78 (d, 
45 2H), 7.28 (s, 8H, arom) 

(2) Polymerization of propylene using methylalumoxane as cocatalyst: 
<Polymerization of propylene> 

50 

4 mmol (calculated as Al atom) of methylalumoxane ("MM AO" produced by TOSOH AKZO CORP.) and a toluene 
solution containing 0.65 mg of a racemic compound of dimethylsilyiene bis[1,1 '-{2-methyl-4-(4-chlorophenyl)-4- hy- 
droazulcnyl)] hafnium dichloride obtained in the above item (1) were charged into a 2-liter stirring-type autoclave. 
Further, 1 ,500 ml of propylene was introduced into the autoclave. The content of the autoclave was heated to 70°C, 
55 and the polymerization of propylene was conducted for one hour to obtain 8 g of polypropylene. As a result of the 
measurements, it was confirmed that the complex activity was 1 .23x 10 4 , and the obtained polypropylene had a melting 
point (Tm) of 154. 4°C, a melt flow rate (MFR) of 0.07, a weight-average molecular weight (Mw) of 14 x 10 5 and a Q- 
value (Mw/Mn) of 4.0. 
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20 



Example 19 

Polymerization ol propylene: 

5 =iM ^r^o^T 35 d6fined in EXamp ' e 6(2) Was conauc,ed except .ha. .he racemic compound of dime.hyl- 
s.lylene b.s|1.r-,2-me.hy|.4.(4.ch.orophenyl i .4-hydroa 2 ulen y l H hafnium dichloride obtained in Exampie 8(^1 

.hll S M e 7, 0nen ' iV° ° btain 146 3 °' P°'VP^y'ene. As a result o, the measurements, i, was confirmed ma, 

? T f 5S S V ' COmP ' eX aC ' iVi,y W3S 120x1 *' and lhe oblained PoVPropylene had a me Z poin 

» Sl, ^ 3 f ' 0W fa,e (MFR) °' ° A 8 Wei9h '- aVera 96 m ° ,eCU,af o? 5 6 * ^ and?Q 9 re 

Example 20: 

(1) Chemic al treatment and granulatio n of clay minerals 
/s '■ 

3 Kg of commercially available montmonllonite ("KUNIPIA F" produced by KUNIMINE INDUSTRIES CO LTD ) 
was pulverized by a vibrating mil. and dispersed in 16 h.ers of 3 % aqueous solution o. sulfuric acd The dSpe'Ifon 

Z£ ?Z , 1 K9 m ma9neSiUm SU " a,e ' ,0 "° Wed bV S ' irrin9 31 9 °° C '° r 3 h ° UrS Th6reafler ' S disper o was 
he OH hereoHo no' ^TTT ^ ,hus -° b,ained solid component was washed with wa'er to adjust 

the P H thereof to no. less than 5. Succes Sl vely, alter the solid content of the obtained slurry was adjusted to 1 5 % he 

"leTa^^^^ 

10.0 g of the chemically treated montmorilloni.e obtained in the above was charged into a 200 ml flaskand subjected 
toheat.nganddes.ccation.rea.menta.SOO^^^ 

(2) Preparation of solid catalyst comp onent and ore-polymerization of propylene 

400 ml of heptane was introduced into a 1 -liter stirring-type autoclave and maintained at 40°C 

Separately, 10 g of the component (B) obtained in the above item (1) was dispersed in 40 2 ml of toluene The 

toTo mrnolT,; Z ^ 8 m ' °' 3 dNU,e '° ,Uene SO,U "° n C ° n,ainin9 ^y^nurn in an amount correspond' 

to 60 mmol After these components were contacted with each other a. room temperature for one hour the supernatant 

auTocTave ^ ^ *" ° b,amed S °" d reS,dUe W3S Washed Wi,h toluene and ^rS^He 

Next. 48.8 ml of a toluene solution containing dimethylsilylene bisfl .1'-(2-methyl-4-(4-chlorophenyl)-4-hydroazu- 
lenylj hafnium dichloride obtained in Example 18(1) in an amount corresponding to 0.10 mmol wa charge inTo he 
autoclave. Further, 4^96 m, of a d.lute ,o,uene solution containing triisobutylalumtnum in an amoun correspond X 
4 mmol was dropped into the autoclave and then propylene was fed thereinto to initiate the polymerization (pre Jo 
lymenzat.on) of propylene. The polymerization of propylene was continued for 1 5 mmu.es whHe he pro- 

s z;r :T: he aui T e at 5 kgf/cm2G Aner comp,e,ion ot ,he p^— . , he p^st; was 

* ° U ' ° "1! a " ,oc ' ave and lhe supernalan. was removed .herefrom to obtain a solid residue The solid residue 

obtained h! th ^ 3 fedUCed PrGSSUre ' th6reby ° b,ainin 9 9 dr * cata '^ The amount of the polymer 

obtained by the pre-polymerizat.on was 3. 1 g based on one gram of the component (B) 

(3) Polymerization of propylene: 

™il 4 9 °' t h r,ISObu, y |alU f minum and 15 liters of propylene were charged into a 3-liter stirring-type autoclave While 
ma ntam.ng the content of the autoclave a, 30»C. 30 mg of the dry catalyst (as the amount of the component (B) except 

N x Tn, P T d r" ° b,ained in ab ° Ve i,6m (2) WaS ' nlr0dUCed Under P— e au Leave 

comnl^on ,T i ' ^ hea,Sd * ?S ' C '° COndUC ' ,he P o| y mer ' za ' ion °< P«W«ene for one hour After 

TsCn in Tabled ymer,Zatl ° n ' mreaC,ed Pf ° Py ' ene "** ^ *° reC0Ver produced. The results 

Examples 21 and 22: 

<Polymerizalion of propylene> 

caJvsf inTxLTSn 6 !Th* ^ " EXamP ' S 200H3) WaS C ° ndUC,ed ,hat a,,er introduction o, the dry 

Catalyst ,n Example 20(3), hydrogen was introduced into the autoclave in amounts shown in Table 3. The results are 
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shown in Table 3. 

Example 23: 

5 <Polymerization of propylene> 

The same procedure as defined in Example 20(1 )-(3) was conducted except that the amount of the dry catalyst 
charged into the autoclave in Example 20(3) was'changed to 15 mg (as the amount of the component (B) except for 
the pre-polymerized product). The results are shown in Table 3. 

w 

Example 24: 

<Random copolymerization of propylene and ethylene> 

is The same procedure as defined in Example 20(1 )-(3) was conducted except that the amount of the dry catalyst 

charged into the autoclave in Example 20(3) was changed to 15 mg (as the amount of the component (B) except for 
the pre-polymerized product), and further 1 .5 liters of propylene and 45 g of ethylene were introduced into the autoclave. 
The results are shown in Table 3. 

20 Examples 25 lo 27: 

The same procedure as defined in Example 20(1 )-(3). was conducted except that the respective conditions as 
defined in Example 20 were changed as follows. The results are shown in Table 3. 

25 (1) Preparation of solid catalyst component and pre-polyrncrization of propylene: 

The dry catalysts were prepared under the same conditions as defined in Example 20(2) except that compounds 
shown in Table 3 were used as the component (A). 

30 (2) Polymerization of propylene: 

The polymerization of propylene was conducted under the same conditions as defined in Example 20(3) except 
that 50 mg of each of the dry catalysts (as the amount of the component (B) except for the pre-polymerized product) 
obtained in the above (1) was used. 

35 

Comparative Example 3 

(1) Preparation of solid catalyst component and pre-polymerization of propylene: 

40 The dry catalysts were prepared under the same conditions as defined in Example 20(2) except that 10 g of 

dimethylsilylene bis(1 ,V-(2-methyl-4-phenylhydroazulenyl)} zirconium dichloride was used as the compound (A) and 
1 0 g of methylalumoxane supported by silica carrier (MAO on Si0 2 by WITCO Co., Ltd., Al atom content: 23 wt%) was 
used as the compound (B) instead of the chemical-treated clay mineral. The amount of the polymer obtained by the 
pre-polymerization was 2.8 g based on one gram of the MAO on Si0 2 . 

45 

(2) Polymerization of propylene: 

The same procedure as defined in Example 20(3) was conducted except thai the catalyst component prepared in 
the above item (1) was used instead of the catalyst used in Example 20(3). The results are shown in Table 3. 

50 



55 
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Table 3 





Component 
(A) 


Amount of 

solid 
catalyst 
component 
used (mg) 


Component 

tv_ } : 

triisobutyl 
aluminum 
(mg) 


Anioun t 
of 

hydrogen 
supplied 
(ml ) 


Amounc 
of 

ethylene 
supplied 
(g) 


Ex. 20 


a 


30 


400 


0 


0 


Ex. 21 


a 


30 


400 


42.5 


0 


Ex. 22 


a 


30 


400 


136 


0 


Ex . 23 


Pi 




400 


0 


0 


.Ex. 24 


a 


15 


400 


0 


45 


Ex. 25 


b 


50 


400 


0 


0 


Ex. 26 


c 


50 


400 


0 


0 


Ex. 27 


d 


50 


400 


0 


0 


Comp. 
Ex. 3 


d 


5Q 


400 


0 


0 



Note: a: dimethylsilylene bis[l. 1 1 - { 2 -methyl-4- (4- 
chlorophenyl)-4-hydroazulenyl}] hafnium dichloride; 

b: dimethylsilylene bis [1, 1 ' -{2-methyl-4- (4- 
chlorophenyl) -4 -hydroazulenyl } J zirconium dichloride; 

c: dimethylsilylene bis{l, 1 ■ - ( 2 -methyl -4 -phenyl -4- 
hydroazulenyl) ] hafnium dichloride; 

d: dimethylsilylene bis{l, 1 1 - (2-methyl-4-phenyl-4- 
hydroazulenyl) ] zirconium dichloride; 
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Table 3 -continued 





Catalytic 

^ c* r \ \t "i t" v 

Q. \_ L. J- v _L Ly 


Complex 
flcrivi t"v 


Melting 

point 
' CO 


MFR j 
(a/10 min) 


Example 20 


1900 


23 .4 


153 . 1 


0. 19 


Example 21 


5600 


68.9 


153 .7 


1.87 ; 


Example 2 2 


9400 


115.7 


155.0 


16. 1 


Example 2 3 


1600 


19.7 


154.0 


0.076 


Example 24 


9700 


119.4 


127 .7 


' 0.038 


Example 2 5 


1430 


19 .7 


149 . 3 


4.6 


Example 2 6 


3100 


41.7 


150.9 


0.84 


Example 27 


2020 


30.8 


147.7 


6.2 


Comparative 
Example 3 


710 


10.8 


146.7 


7.6 
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Table 3-continued 





Mw 

(x 10 5 ) 


n 

(Mw/Mn) 


Di . 1 l- ; . , . , , . 

^cuoiuy \Q/m±) 








0. 38 








0.38 


ILXciinjJltr 






0.41 








0.39 


Example 24 






n "3 o 
U . 38 


Example 25 


3.2 


3.4 


0.48 


Example 26 


5.8 


3.9 


0.48 


Example 27 


2.8 


3.0 


0.47 


Comparative 
Example 3 


2.5 


2.8 


0.37 



Example 28. 

(1 ) Synthesis of d.methylsilylene bis{1 ,1 ■-(2-meth V l-4-ehenvl-7-i s opropy|-4-hvdroazulenvl) zirconium dichloride: 

I 

4.9 ml of a cyclohexane/diethyl ether solution containing 5.2 mmol of phenyl lithium (1 .08 M) was dropped into 20 
ml of a hexane solution containing 0.97 g (5.2 mmol) of 2-methyl-5-isopropylazulene, at 0°C The resultant solution 
was stirred for 1 hour while the temperature thereof was gradually raised to room temperature. Thereafter the reaction 
solution was cooled to 0°C, and mixed with 20 ml of tetrahydrofuran and 12 pi (0.15 mmol) of dimethylaminopyridine 
and (hen with 0.34 g (2.6 mmol) of dichlorodimethylsilane. After the reaction solution was stirred at room temperature 
for 2 hours, dilute hydrochloric acid was added thereto to terminate the reaction. The reaction solution was separated 
into organic and aqueous phases, and the organic phase was extracted with hexane, dried with magnesium sulfate 
and stirred under a reduced pressure to remove the solvent. The obtained product was purified by a silica gel column 
chromatography (a mixed solvent: dichloromethane and n-hexane), thereby obtaining 1.4 g ol dark green powder as 
a reaction product. K 

Next, 1.4 g of the thus-obtained reaction product was dissolved in 15 ml of diethyl ether 3 2 ml of an n-hexane 
solution containing 4.9 mmol of n-butyl lithium (1.54 M) was dropped into the diethyl ether solution at -78°C After 
complel.on ol the dropping, the reaction solution was stirred for 2 hours while the temperature thereof was giadually 
raised to 0°C. After the reaction solution was stirred under a reduced pressure to remove the solvent 23 ml of a mixed 
solvent of toluene and diethyl ether (20:1 ) was added thereto. After cooling to -78°C, the reaction solution was mixed 
with 0.57 g (2.4 mmol) of zirconium tetrachloride and the temperature thereof was immediately raised to 0°C followed 
by stirring at 0°C for one hour. Further, the temperature of reaction solution was raised to room temperature and stirred 
at room temperature for 6 hours. The obtained reaction solution was filtered through celite to separate a solid component 
therefrom. The thus-separated solid component was washed with 3 ml of toluene to recover a solid product The 
recovered solid product was extracted with dichloromethane. The extract was stirred under a reduced pressure to 
remove the solvent, thereby obtaining 0.11 g of a racemic and meso mixture of dimethylsilylene bisp l'-(2-methyl- 
4-phenyl-7-isopropyl-4-hydroazulenyl}] zirconium dichloride (yield: 6 %). 

The chemical shifts of 'H-NMR of the above-obtained racemic and meso mixture are as follows 
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300 MHz. C 6 D 6 (ppm)0.55 (s, meso SiMe), 0.57 (s, racemic SiMe) 0.60 (s, meso SiMe), 1.00 (d, iPr-Me), 1.12 
(d, iPr-Me), 1 .88 (s. 2-Me), 1.90 (s, 2-Me). 3.1 (m, iPr-CH), 5.26 (br s, 4-H), 5.28 (br s, 4-H), 5.7-5.9 (m, -CH=), 7 0-7.5 
(m, -CH=) 

5 (2) Polymerization of propylene using methylalumoxane as cocatalyst: 

4 mmol (calculated as Al atom) of methylalumoxane ("MMAO" produced by TOSOH AKZO CORP.) was charged 
into a 2-liter stirring-type autoclave. Separately, 0.3 mg of the above-produced racemic and meso mixture was diluted 
with toluene, and then charged into a catalyst feeder equipped with a safety rupture disc. Thereafter, 1,500 ml of 
io propylene was introduced into the autoclave and the safety rupture disc of the catalyst feeder was broken at room 
temperature. After the content of the autoclave was heated to 70°C, the polymerization of propylene was conducted 
at that temperature for one hour, thereby obtaining 32 g of polypropylene. As a result of the measurements, it was 
confirmed that the complex activity was 11 x 10 s , and the obtained polypropylene had a melting point (Tm) of 1 52.6°C, 
a melt flow rate (MFR) of 1.4, a weight-average molecular weight (Mw) of 3.6 x 10 5 and a Q-value (Mw/Mn) of 3.5. 

15 

Example 29: 

<Polymerization of a-olefin using clay minerals as cocatalyst> 

20 (1) Chemical treatment of clay minerals and preparation of solid catalyst component: 

The same procedure as defined in Example 11 (2) was conducted to obtain a montmorillonite/toluene slurry having 
a montmorillonite content of 33 mg/ml. 

25 (2) Polymerization of propylene: 

0.5 mmol (calculated as Al atom) of triisobutylaluminum (produced by TOSOH AKZO CORP.) was charged into a 
2-liter stirring-type autoclave. Separately, 1.8 mg of the racemic and meso mixture obtained in Example 28(1) was 
diluted with toluene, and then charged into a catalyst feeder equipped with a safety rupture disc. Further, the above- 

30 prepared slurry containing 1 00 mg of montmorillonite and 0.3 mmol (calculated as Al atom) of triisobutylaluminum were 
charged into the catalyst feeder. Thereafter, 1,500 ml of propylene was introduced into the autoclave and the safety 
rupture disc of the catalyst feeder was broken at room temperature. After the content of the autoclave was heated to 
80°C, the polymerization of propylene was conducted at that temperature for one hour, thereby obtaining 37 g of 
polypropylene. As a result of the measurements, it was confirmed that the catalyst activity was 370, the complex activity 

35 was 2.1 x 10 4 , and the obtained polypropylene had a melting point (Tm)of 146.0°C, a melt flow rate (MFR) of 143, a 
weight-average molecular weight (Mw) of 1.4 x 1 0 5 and a Q-value (Mw/Mn) of 2.2. 

Example 30: 

40 (1) Synthesis of dimethylsilylene bisd ,V-(2-ethvl-4-phenyl-7-isopropvl-4-hvdroazulenvl)) zirconium dichloride: 

7.2 ml of a cyclohexane/diethyl ether solution containing 7.8 mmol of phenyl lithium (1 .08 M) was dropped into 20 
ml of a hexane solution containing 1 .54 g (7.8 mmol) of 2-ethyl-5-isopropyl azulene, at 0°C. The resultant solution was 
stirred for 1 hour while the temperature thereof was gradually raised to room temperature. Thereafter, the reaction 

45 solution was cooled to 0°C, and mixed with 20 ml of tetrahydrofuran and 12 uJ (0.15 mmol) of dimethylaminopyridine 
and then with 0.50 g (3.9 mmol) of dichlorodimethylsilane. After the reaction solution was stirred at room temperature 
for 2 hours, dilute hydrochloric acid was added thereto to terminate the reaction. The reaction solution was separated 
into organic and aqueous phases, and the organic phase was extracted with hexane, dried with magnesium sulfate 
and stirred under a reduced pressure to remove the solvent, thereby obtaining 2.5 g of dark green powder as a reaction 

so product. 

Next, 2.5 g of the thus-obtained reaction product was dissolved in 30 ml of diethyl ether. 4.9 ml of an n-hexane 
solution containing 7.8 mmol of n-butyl lithium (1.59 M) was dropped into the diethyl ether solution at -78°C. After 
completion of the dropping, the reaction solution was stirred for 4 hours while the temperature thereof was gradually 
raised to room temperature. After the reaction solution was stirred under a reduced pressure to remove the solvent, 
55 20 ml of a mixed solvent of toluene and diethyl ether (20:1) was added thereto. After cooling to -78°C, the reaction 
solution was mixed with 0.91 g (3.9 mmol) of zirconium tetrachloride and the temperature thereof was immediately 
raised to 0°C, followed by stirring at 0°C for one hour. Furlher, the temperature of reaction solution was raised to room 
temperature and stirred at room temperature for 11 hours. The obtained reaction solution was filtered through celite 
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to separate a solid component therefrom. The thus-obtained solid component was washed with 3 ml of toluene to 
recover a solid react.on product. The recovered solid reaction product was extracted with dichloromethane The extract 
was stirred under a reduced pressure to remove the solvent, thereby obtaining 0.4 g of a racemic and meso mixture 
of d.methyls.lylene b.sfl.V-(2-ethyl-4-phenyl-7-isopropyl-4-hydroazulenyl)} zirconium dichloride (yield' 7 %) 
The chemical shifts of 'H-NMR of the above-obtained racemic and meso mixture are as follows 
300 MHz. C 6 D 6 (ppm) 0.58 (s, meso SiMe). 0.60 (s, racemic SiMe). 0.62 (s, meso SiMe), 1 .1 (m. iPr-Me Et-Mej 
1 .92 (q. Et-CH 2) . 1 .98 (q, Ei-CH 2 ). 3.2 (m. iPr-CH), 5.26 (br s, 4-H), 5.29 (br s, 4-H), 5.7-5.9 (m, -CH=), 7.0-7.5 (m. -CH=j 

(2) Polymerization of propylene using melhvlalumoxane as cocatalvst: 

4 mmol (calculated as Al atom) of methylalumoxane ("MMAO" produced by TOSOH AKZO CORP.) was charged 
into a 2-hter stirr.ng-type autoclave. Separately, 0.3 mg of the above-produced racemic and meso m,xture was diluted 
wrth toluene, and then charged into a catalyst feeder equipped with a safety rupture disc. Thereafter 1 500 ml of 
propylene was introduced into the autoclave and the safety rupture disc of the catalyst feeder was broken at room 
temperature. After the content of the autoclave was heated to 70°C, the polymerization of propylene was conducted 
at thai temperature for one hour, thereby obtaining 52 g of polypropylene. As a result of the measurements it was 
conf.rmed that the complex activity was 1.7x1 <fi, and the obtained polypropylene had a melting point (Tm) of 155 5°C 
a melt flow rate (MFR) of 0.2, a weight-average molecular weight (Mw) of 5.3 x 10* and a Q-value (Mw/Mn) of 3.8. ' 

Example 31: 

<Polymerization of propylene using clay minerals as cocatalyst> 

0.25 mmol (calculated as Al atom) of triisobutylaluminum (produced by TOSOH AKZO CORP ) was charged into 
a 1 -liter stirring-type autoclave Separately, 0.8 mg of the racemic and meso mixture obtained in Example 30(1) was 
diluted with toluene, and then charged into a catalyst feeder equipped with a safety rupture disc. Further 50 mg of the 
triethylalummum-treated montmorillonite obtained in Example 29(1 ) and 0. 15 mmol (calculated as Al atom) of triisobuty- 
lalummum were charged into the catalyst feeder. Thereafter, 700 ml of propylene was introduced into the autoclave 
and the safety rupture disc of the catalyst feeder was broken at room temperature. After the content of the autoclave 
was heated to 80°C. the polymerization of propylene was conducted at that temperalure for one hour thereby obtaining 
4 g of polypropylene As a result of the measurements, it was confirmed that the catalyst activity was 76 the complex 
activity was 5.0x1 03, and the obtained polypropylene had a melting po.nt (Tm) of 1 48.4°C, a weight-average molecular 
weight (Mw) of 1.5 x 10 s and a Q-value (Mw/Mn) of 2.8 

Example 32: 

(1) Synthesis of dimethylsilyle ne bis{1 ,T-( 2-melhvl-4- P henvl-6-isooroDvl-4-hvdroazulenvh) zirconium dich loride as 
component (A): - 

(a) Synthesis of 2-tosvl-4-isopropyltropolone: 

10.2 g (62.3 mmol) of hinokitiol was dissolved in 20 ml of pyridine. 20 ml of a pyridine solution containing 12 1 g 
(63.5 mmol) of tosyl chloride was added to the above-prepared solution at room temperature. The resultant reaction 
solution was extracted with toluene. An organic phase of the extract was dried with magnesium sulfate and then the 
solvent contained there.n was removed under a reduced pressure, thereby obtaining 20 7 g of a mtxture of 2-tosvl- 
4-isopropyltropolone and 2-tosyl-6-isopropyltropolone. 

(b) Synthesis of 1-methoxy carbonyl-6-isopropylcycloheplafuran-2-one: 

A sodium methoxide solution prepared from 100 ml of methanol and 2.1 g (94.3 mmol) of sodium was added to 
100 ml of a methanol solution containing 17.6 g (55.5 mmol) of the mixture obtained in the above item (a) and 10 8 ml 
(94.3 mmol) of dimethyl malonate at 0°C. The mixed solution was stirred at 0°C for one hour and then at room tem- 
perature overnight. After the solvent contained in the mixed solution was removed under a reduced pressure the mixed 
solution was mixed with water and then extracted with a mixed solvent composed of hexane and ethyl acetate An 
organic phase of the extract was dried with magnesium sulfate, and the solvent was removed under a reduced pressure 
thereby obtaining 12.2 g of a crude product of 1-methoxycarbonyl-6-isopropylcycloheptafuran-2-one 
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(c) Synthesis of l-methoxvcarbonvl-2-methyl-6-isopropvlazulene: 

600 ml of acetone and 200 ml of diethyl amine were added to 12.2 g of the above-obtained crude product of 
1-methoxycarbonyl-6-isopropylcycloheptafuran-2-one. The mixture was subjected to intermittent reflux for 15 hours 
s while heating. Thereafter, the solvent contained in the mixture was removed under a reduced pressure. The resultant 
crude product was purified by a column chromatography using a mixed solvent composed of hexane and ethyl acetate 
(5: 1 ) as an eluent solvent, thereby obtaining 3.93 g of 1 -methoxy arbonyl-2-methyl-6-isopropylazulene. 

(d) Synthesis of 2-methyl-6-isopropylazulene: 

10 

70 ml of phosphoric acid was added to 3.93 g (16.2 mmol) of l-methoxycarbonyl-2-methyl-6-isopropylazulene, 
and the mixture was heated at 1 00°C for one hour. The resultant reaction solution was added to 300 ml of an aqueous 
solution containing 30 g of sodium hydroxide and extracted with hexane. An organic phase of the extract was dried 
with magnesium sulfate, and the solvent remaining therein was removed under a reduced pressure. The obtained 
15 crude product was filtered through silica gel. Further the solvent contained in the filtered solid component was removed, 
thereby obtaining 2.23 g of 2-methyl-6-isopropylazulene (yield: 75%). 

(e) Synthesis of bis{1 ,r-(2-methyl-4-phenyl-6HSopropyldihydroazulenyl)) dimethyl silane: 

20 A diethyl elher/cyclohexane solution containing 12.1 mmol (1.0 N)of phenyl lithium was added to 40 ml of a hexane 

solution containing 2.06 g (11 .3 mmol) of the above-produced 2-methyl-6-isopropylazulene at 0°C. The mixed solution 
was stirred at room temperature for 2 hours, and then mixed with 30 ml of tetrahydrofuran at -10°C. Further, 0.68 ml 
(5.64 mmol) of dichlorodimethylsilane was added to the mixed solution at -30°C, followed by stirring for one hour at 
room temperature and then for 2 hours at 45°C. After the mixed solution was allowed to stand at room temperature 

25 overnight, an ammonium chloride aqueous solution was added to the obtained reaction solution. After the reaction 
solution was separated into aqueous and organic phases and the organic phase separated was dried with magnesium 
sulfate, the solvent was removed under a reduced pressure. The obtained crude product was purified by a column 
chromatography using a mixed solvent composed of hexane and dichloromethane (10:1 to 5:1) as an eluent solvent, 
thereby obtaining 1 .23 g of bis{1 , 1 -(2-methyl-4-phenyl-6-isopropyl-1 ,4-dihydroazulenyl)} dimethylsilane (yield: 38 %). 

30 

li) Synthesis of dimethyisilylene bis(1 T-(2-methvl-4-phenvl-6-isopropyl-4-hvdroazulenvl)) zirconium dichloride: 

A hexane solution containing 4.55 mmol (1 .63 N) of n-butyl lithium was added to 20 ml of a diethyl ether solution 
containing 1.2 g (2.07 mmol) of the above-produced bis{1 ,1'-(2-methyl-4-phenyl-6-isopropyl-1 ,4-dihydroazulenyl)} 

35 dimethylsilane at -78°C. After the mixed solution was stirred at room temperature overnight, the solvent contained in 
the obtained product was removed. The resultant product was washed with hexane, dried and solidified again. The 
obtained solid product was mixed with 20 ml of toluene and 0.5 ml of diethyl ether to form a solution. 434 mg (1.89 
mmol) of zirconium tetrachloride was then added to the solution at -70°C. 

The temperature of obtained reaction solution was gradually raised to room temperature and stirred at room tem- 

40 perature overnight. Thereafter, the reaction solution was filtered through celite, and the solvent contained in the sep- 
arated solid component was removed under a reduced pressure. The solid component was dissolved again in 1 ml of 
dichloromethane and then mixed with 10 ml of hexane. At this time, no precipitate was formed. The obtained solution 
was dried and solidified under a reduced pressure, thereby obtaining 1.36 g of dimethyisilylene bis{1 ,1 , -(2-methyl- 
4-phenyl-6-isopropyl-4-hydroazulenyl)] zirconium dichloride. 

45 

(2) Polymerization of propylene: 

The same procedure as defined in Example 1 (4) was conducted except that the above-produced dimethyisilylene 
bis(1,1'-(2-methyl-4-phenyl-6-isopropyl-4-hydroazulenyl)) zirconium dichloride was used as the component (A), to ob- 
50 tain I20g of polypropylene. As a result of the measurements, it was confirmed that the catalytic activity was 1200, the 
complex activity was 11.6 x 10 4 , and the obtained polypropylene had a melting point (Tm) of 148. 5°C, a melt flow rate 
(MFR) of 8.8, a weight-average molecular weight (Mw) of 2.4 x 10 5 and a Q-value (Mw/Mn) of 2.8. 

Example 33: 

55 

<Polymerizalion of propylene using methylalumoxane as cocatalyst> 

4 mmol (calculated as Al atom) of methylalumoxane ("MM AO" produced by TOSOH AKZO CORP) and 1 mg of 
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20 



d.me.hylsilylene bis{1.V-(2-me l hy|.4.phenyl-6.isopropyl-4-hydroa 2 ulenyl)} zirconium dichloride produced in Example 
32(1 ) were diluted with toluene, and then charged into a 2-liter stirring-type autoclave. Thereafter. 1 .500 ml of propylene 
was introduced into the autoclave. After the content of the autoclave was heated to 70°C. the polymerization of pro- 
pylene was conducted at that temperature for one hour, thereby obtaining 70.4 g of polypropylene As a result of the 
measurements, it was confirmed that the complex activity was 7.0 x 1 0*, and the obtained polypropylene had a meltina 
po.nt (Tm) of 149.8'C. a melt flow rate (MFR) of 7.9. a weight-average molecular weight (Mw) of 2 6 x 10* and a Q 
value (Mw/Mn) of 2.8. " 

Example 34: 

(1) Synthesis of dimethylsilylene bis(1 .T-f2- b enzvl-4-phenvl-4-hydroazulenvl)i zirconium dichloride 

7.2 ml of a cyclohexane/diethyl ether solution containing 7.8 mmol of phenyl lithium (1 .08 M) was dropped into 35 
ml of a hexane solution containing 1.7 g (7.8 mmol) of 2-benzylazulene, at -5°C. The resultant solution was stirred for 
2 hour white the temperature thereof was gradually raised to room temperature. Thereafter, the reaction solution was 
cooled to 0 C. and mixed with 35 ml of tetrahydroluran and 0.016 g of 1 -methylimidazole and then with 0 5 q (3 9 
mmol) of dichlorodimethylsilane. After the reaction solution was stirred at room temperature lor 1 hour dilute hydro- 
chloric acid was added thereto to terminate the reaction. The reaction solution was separated into organic and aqueous 
phases, and the organic phase was extracted with ether, dried with magnesium sulfate and stirred under a reduced 
pressure to remove the solvent The obtained product was purified by a silica gel column chromatography (a mixed 
solvent: dichloromethane and n-hexane), thereby obtaining 1.5 g of dark green powder as a reaction product 

Next, 1.5 g of the thus-obtamed reaction product was dissolved in 10 ml of diethyl ether 2 9 ml of an n-hexane 
solution containing 46.4 mmol of n-butyl lithium (1 59 M) was dropped into the diethyl ether solution at -78°C After 
completion of the dropping, the reaction solution was stirred for 4 hours while the temperature thereof was gradually 
raised to room temperature. After the reaction solution was stirred under a reduced pressure to remove the solvent 
15 ml of a mixed solvent of toluene and diethyl ether (40:1) was added thereto. After cooling to -78°C the reaction 
solution was mixed with 0.54 g (23.2 mmol) of zirconium tetrachloride and the temperature thereof was immediately 
raised to room temperature, followed by stirring at room temperature for 12 hours. The obtained reaction solution was 
filtered through celite in the presence of a nitrogen stream to separate a solid component therefrom The thus-obtained 
sold component was washed with toluene and stirred under a reduced pressure to remove the solvent thereby ob- 
d2Z<tieli\d-74T)° meS ° miX ' Ure °' dimeIhylsilylene bis < 1 • 1 '-(2-benzyl-4-phenyl-4-hydroazulenyl)) zirconium 

The chemical shifts of ^H-NMR of the above-obtained racemic and meso mixture are as follows 
ru ?°?Qn H ^ C6 ° 6 i PPm) ,°; 83 (S ' meso SiMe >' 0 92 < s < racemic SiMe), 1.05 (meso SiMe), 3.75 (d, racemic benzyl 
58-62 (m CH-H 876^ CH V ^ raCemi ° ^ m6S ° ^ 4 " ^ ra ° emiC 4 ' H) ' 5 ° 6 <d ' m8S ° 4 " H) ' 

(2) Polym erization of propylene using methvlalumoxane as cocalalvst: 

2 mmol (calculated as Al atom) of methylalumoxane ("MM AO" produced by TOSOH AKZO CORP.) was charoed 
intoa 1 -liter stirring-type autoclave. Separately, 0.32 mg of the above-produced racemic and meso mixture was diluted 
with toluene, and then charged into a catalyst feeder equipped with a safety rupture disc. Thereafter 700 ml of propylene 
was introduced into the autoclave and the safety rupture disc of the catalyst feeder was broken at room temperature 
After the content of the autoclave was heated to70°C, the polymerizat.on of propylene was conducted at that temper- 
ature for one hour, thereby obtain.ng 10 g ol polypropylene. As a result of the measurements, it was confirmed that 
the complex activity was 3.1 x 10< and the obtained polypropylene had a melting point (Tm) of 156 6°C a melt flow 
rate (MFR) of 400, a weight-average molecular weight (Mw) of 0 8 x 105 and a Q . va | ue (M w/Mn) ot 3 2 ' 

Example 35: 

<Polymerization of propylene using clay minerals as cocatalyst> 

(1) Chemical treatment of clay minerals and preparation of solid catalyst component: 

The same procedure as defined in Example 11 (2) was conducted to obtain a montmorillonite/toluene slurry having 
a montmorillonite content of 33 mg/ml. 
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(2) Polymerization of propylene: 

0.25 mmol (calculated as Al atom) ol triisobutylaluminum (produced by TOSOH AKZO CORP.) was charged into 
a 1 -liter stirring-type autoclave. Separately, 2.4 mg ol the racemic and meso mixture obtained in Example 34(1 ) was 

5 diluted with toluene, and then charged into a catalyst feeder equipped with a safety rupture disc. Further, the above- 
prepared toluene slurry containing 50 mg of montmorillonite and 0.15 mmol (calculated as Al atom) of triisobutylalu- 
minum were charged into the catalyst feeder. Thereafter, 700 ml of propylene was introduced into the autoclave and 
the safety rupture disc of the catalyst feeder was broken at room temperature. After the content of the autoclave was 
heated to 80°C, the polymerization of propylene was conducted at that temperature for one hour, thereby obtaining 

10 0.8 g of polypropylene. As a result of the measurements, ii was confirmed that the catalyst activity was 16, the complex 
activity was 300, and the obtained polypropylene had a melting point (Tm) of 152.4°C, a weight-average molecular 
weight (Mw) of 0.5 x 1 0 5 and a Q-value (Mw/Mn) of 2.5. 

Example 36: 

(1) Synthesis of dimethylsilylene bisjl ,1 , -(2-benzyl-4-phenvl-7-isopropvl-4-hydroazulenyl)| zirconium dichloride: 

5.5 ml of a cyclohexane/diethyl ether solution containing 5.9 mmol of phenyl lithium (1 .08 M) was dropped into 20 
ml of a hexane solution containing 1.54 g (5.9 mmol) of 2-benzyl-5-isopropylazulene, at 0°C. The resultant solution 

20 was stirred lor 1.5 hours while the temperature thereof was gradually raised to room temperature. Thereafter, the 
reaction solution was cooled to 0°C, and mixed with 20 ml of tetrahydrofuran and 11 uJ (0.14 mmol) of dimethylami- 
nopyridine and further with 0.36 g (3.0 mmol) of dichlorodimethylsilane. After the reaction solution was stirred for 3.5 
hours while the temperature thereof was gradually raised to 10°C. dilute hydrochloric acid was added thereto to ter- 
minate the reaction. The reaction solution was separated into organic and aqueous phases, and the organic phase 

25 was extracted with hexane, dried with magnesium sulfate and stirred under a reduced pressure to remove the solvent. 
The obtained product was purified by a silica gel column chromatography (a mixed solvent: dichloromethane and n- 
hexane), thereby obtaining 1.7 g of dark green powder as a reaction product. 

Next, 1.7 g of the thus-obtained reaction product was dissolved in 20 ml of diethyl ether. 2.9 ml of an n-hexane 
solution containing 4.7 mmol of n-butyl lithium (1 .59 M) was dropped into the diethyl ether solution at -5°C. After com- 

30 pletion of the dropping, the reaction solution was stirred for 3 hours while the temperature thereof was gradually raised 
to 10°C. After the reaction solution was stirred under a reduced pressure to remove the solvent, 12 ml of a mixed 
solvent of toluene and diethyl ether (20:1) was added thereto. After cooling to -78°C, the reaction solution was mixed 
with 0.55 g (2.4 mmol) of zirconium tetrachloride. Thereafter, the reaction solution was stirred for 4 hours while the 
temperature thereof was gradually raised to room temperature, followed by further stirring at room temperature for 11 

3S hours. The obtained reaction solution was filtered through cetite to separate a solid component therefrom. The thus- 
obtained solid component was washed with 3 ml of toluene to recover a solid product. The thus-recovered solid product 
was extracted with dichloromethane and then the extract was stirred under a reduced pressure to remove the solvent, 
thereby obtaining 0.23 g of a racemic and meso mixture of dimethylsilylene bis{1 ,1'-(2-benzyl-4-phenyl-7-isopropyl- 
4-hydroazulenyl)) zirconium dichloride (yield: 11 %). 

40 The chemical shifts of 1 H-NMR of the above-obtained racemic and meso mixture are as follows. 

300 MHz, CDCI 3 (ppm) 0.86 (s, meso SiMe), 0.90 (s : racemic SiMe), 0.96 (s, meso SiMe), 1.07 (d, iPr-Me), 1.16 
(d, iPr-Me), 2.5 (m, iPr-CH), 3.7-4.0 (m, 2-CH 2 ), 4.85-5.00 (m, 4-H), 5.7-6.1 (m, -CH=), 6.4-7.5 (m, -Chb) 

(2) Polymerization of propylene using methylatumoxane as cocatalyst: 

45 

4 mmol (calculated as Al atom) of methylalumoxane ("MM AO" produced by TOSOH AKZO CORP.) was charged 
into a 2-liter stirring-type autoclave. Separately, 0.36 mg of the above-produced racemic and meso mixture was diluted 
with toluene, and then charged into a catalyst feeder equipped with a safety rupture disc. Thereafter, 1,500 ml of 
propylene was introduced into the autoclave and the safety rupture disc of the catalyst feeder was broken at room 
so temperature. After the content of the autoclave was heated to 70°C, the polymerization of propylene was conducted 
at that temperature for one hour, thereby obtaining 25 g of polypropylene. As a result of the measurements, it was 
confirmed that the complex activity was 7.0 x 10 4 , and the obtained polypropylene had a melting point (Tm) of 156.4°C, 
a melt flow rate (MFR) of 36, a weight-average molecular weight (Mw) of 1 .6 x 10 5 and a Q-value (Mw/Mn) of 3.5. 

55 
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Example 37: 



<Polymerization of propylene using clay minerals as cocalalyst> 

0.25 mmol (calculated as Al atom) ol triisobutylaluminum (produced by TOSOH AKZO CORP) was charged into 
a 1 -liter stimno-type autoclave. Separately, 1.B rng of the racemic and meso mixture obtained in Example 36(1) was 
diluted with toluene, and then charged into a catalyst feeder equipped with a safety rupture disc. Further 50 mq of the 
tnethylalum.num-treated montmorilloni.e obtained in Example 35( 1 ) and 0. 1 5 mmol (calculated as Al atom) of triisobuty- 
laluminum were charged into the catalyst feeder. Thereafter, 700 ml of propylene was introduced into the autoclave 
and the safety rupture disc of the catalyst feeder was broken at room temperature. After the content of the autoclave 
was heated to 80 C, the polymerization of propylene was conducted at that temperature for one hour, thereby obtaining 
0.5 g of polypropylene. As a result of the measurements, it was confirmed that the catalyst activity was 1 the complex 
activity was 37, and the obtained polypropylene had a melting point (Tm)oll47.6°C. 

Example 38: 

(_U Synthesis of 9-silafluorene-9.9-divl b l sM.1M 2 -melhvl-4- D henv[-4-hydroazulenvl)) zirconium dichloride 

5.2 ml ol a cyclohexane/diethyl ether solution containing 5.6 mmol ol phenyl lithium ( 1 .08 M) was dropped into 10 
ml of a hexane soluUon containing 0.8 g (5.6 mmol) of 2-me.hylazulene, al -5°C. The resultant solution was stirred for 
2 hours while .he temperature thereof was gradually raised to room temperature. Thereafter, the reaction solution was 
cooled to 0 C, and mixed with 10 ml of te.rahydrofuran and 0.017 g of dime.hylaminopyridine and further with 0 7 g 
(2.8 mmol) of 9,9-d,chloro-9-dimethylsilafluorene. After the reaction solution was stirred at room temperature for one 
hour, dilute hydrochloric acid was added thereto to terminate the reaction. The reaction solution was separated into 
organic and aqueous phases, and the aqueous phase was extracted with ether, the organic phases were combined 
dried with magnesium sulfate and stirred under a reduced pressure to remove the solvent. The obtained product was 
purif.ed by a silica gel column chromatography (a mixed solvent: dichloromethane and n-hexane), thereby obtaining 
0.9 g of dark green powder as a reaction product. 

Next, 0 9 g of the thus-obtained reaction product was dissolved in 6 ml ol diethyl ether 1 98 ml of an n-hexane 
solution containing 2.9 mmol of n-butyl lithium (1.47 M) was dropped into the diethyl ether solution at -78°C After 
completion of the dropping, the reaction solution was stirred for 4 hours while the temperature thereof was gradually 
raised to room temperature. After the react.on solution was stirred under a reduced pressure to remove the solvent 
15 ml of a mixed solvent of toluene and diethyl ether (40:1) was added thereto. After cooling to -78°C the reaction 
solut.cn was mixed with 0.35 g (1.5 mmol) of zirconium tetrachloride. Thereafter, the reaction solution was the tem- 
perature thereof was immediately raised to room temperature, followed by further stirring at room temperature for 12 
hours The obtained reactron solution stirred under a reduced pressure to remove the solvent, and then mixed with 
toluene to form a suspension. The suspension was filtered through celite in the presence of a nitrogen stream to 
separate a solid component therefrom. The thus-obtained solid component was washed with toluene and then ex- 
tracted with dichloromethane. Thereafter, the extract was stirred under a reduced pressure to remove dichloromethane 
contained as a solvent therein, thereby obtaining 0.25 g of a racemic and meso mixture of 9-silafluorene-9 9-diyl bis 
{1.1 -(2-methyl-4-phenyl-4-hydroazulenyl)} zirconium dichloride (yield: 22 %) 

The chemical shifts of iH-NMR of the above-obtained racemic and meso mixture are as follows 

„ JTJT 2, CDC ' 3 (PPm) 2 40 (S ' meS ° 2 " Me) ' 2 44 (s ' racemic 2 ' Me )' 5 01 < br £ . racemic 4-H), 5.03 (br s meso 
4-H), 5.8-6.2 (m, -CH=), 7.1-7.7 (m, -CH=), 7.9-8.1 (m, -CH=), 8.3-8.5 (m, -CH=) 

(2) Polyme rization of propylene using methvlalumoxane as cocatalvst: 

2 mmol (calculaled as Al atom) ol melhylalumoxane ("MMAO" produced by TOSOH AKZO CORP.) was charqed 
into a 1 -liter stirring-type autoclave. Sepaiately, 0. 1 mg of the above-produced racemic and meso mixture was diluted 
with toluene, and then charged into a catalyst leeder equipped with a safety rupture disc. Thereafter. 700 ml of propylene 
was introduced into the autoclave and the safety rupture disc of the catalyst feeder was broken at room temperature 
Alter the content of the autoclave was heated to 70'C, the polymerization of propylene was conducted at that temper 
ature for one hour, thereby obtaining 20 g ol polypropylene. As a result of the measurements, it was confirmed that 
the complex activity was 20 x 104, and the obtained polypropylene had a melting point (Tm) of 152 8°C and a melt 
flow rate (MFR) of 1.3. 
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Example 39: 



<Polymerization of propylene using methylalumoxane as cocatalyst> 

5 500 ml of toluene was charged into a 1 -liter stirring-type autoclave. Successively, 2. 1 mmol (calculated as Al atom) 

of methylalumoxane ("MM AO" produced by TOSOH AKZO CORP.) and 0.3 mg of the racemic and meso mixture 
obtained Example 38(1) were diluted with toluene, and then charged into the autoclave. Thereafter, propylene was 
introduced into the autoclave. After the'cohtent'of the autoclave was heated to 70°C, the polymerization of propylene 
was conducted at that temperature for one hour while the propylene pressure in the autoclave was maintained at 5 

10 kgf/cm 2 G, thereby obtaining 4 g of polypropylene. As a result of the measurements, it was confirmed that the complex 
activity was 1.3 x 10 4 , and the obtained polypropylene had a melting point (Tm) of 156.2°C. 

Example 40: 



is . <Polymerization of propylene using clay minerals as cocatalyst> 

(1) Chemical treatment of clay minerals and preparation of solid catalvst component: 



The same procedure as defined in Example 1 1 (2) was conducted to obtain a montmorillonite/toluene slurry having 
20 a monlmorillonile content of 33 mg/ml. 



(2) Polymerization of propylene: 

0.25 mmol (calculated as Al atom) of triisobutylaluminum (produced by TOSOH AKZO CORP.) was charged into 
25 a 1 -liter stirring-type autoclave. Separately, 3 mg of the racemic and meso mixture obtained in Example 38(1) was 
diluted with toluene, and then charged into a catalyst feeder equipped with a safety rupture disc. Further, the above- 
prepared toluene slurry containing 50 mg of montmorillonite and 0.15 mmol (calculated as Al atom) of triisobutylalu- 
minum were charged into the catalyst feeder. Thereafter, 700 ml of propylene was introduced into the autoclave and 
the safety rupture disc of the catalyst feeder was broken at room temperature. After the content of the autoclave was 
30 heated to 80°C, the polymerization of propylene was conducted at that temperature for one hour, thereby obtaining 72 
g of polypropylene. As a result of the measurements, it was confirmed that the catalyst activity was 1.4 x 10 3 . the 
complex activity was 3.0 x 10 4 , and the obtained polypropylene had a melting point (Tm) of 147.9°C and a melt flow 
rate (MFR) of 21.3. 

35 

Claims 

1. A catalyst, which comprises: 

40 (A) a transition metal compound; 

(B) an ion exchange material and/or a silicate; and optionally 

(C) an organoaluminum compound; 



AS 



SO 



component (A) comprising a material of formula (I): 



a! * 



O M 

A Y (I) 



55 wherein each of A 1 and A 2 , which may be the same or different, comprises a conjugated 5-membered ring, with 

the proviso that at least one of A 1 and A 2 comprises a 7-to 1 0-membered ring including two adjacent carbon atoms 
of a conjugated 5-membered ring, Q is a bridge between any atoms of A 1 and A 2 ; M is an atom of Group 4-6 of 
the Penod'\c Table; and each of Xand Y, which may be the same or different, comprises a hydrogen atom, a halogen 
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atom, a hydrocarbon group, an amino group, a halogenated hydrocarbon group, an oxygen-containing hydrocarbon 
group, a n.trogen-conlainmg hydrocarbon group, a phosphorus-containing hydrocarbon group or a silicon-contain- 
ing hydrocarbon group. 

!. A catalyst according to claim 1 . wherein at least one of the conjugate 5-membered ring ligands A' and A2 of the 
transition metal compound (A) represented by the genera! formula (I) has a 7-membered condensed ring. 

. A catalyst according to claim 1 . wherein in general formula (I). A' and A* are independently a conjugate 5-mem- 
bered r,ng hgand; a. leas, one of A' and A* forms a 7- to 10-membered condensed r,ng including adjacent two 
carbon atoms of the conjugate 5-membered ring, which condensed ring is formed by joining two adjacent substit- 
uenl groups on the conjugate 5-membered ring; said conjugate 5-membered ring ligands and conjugate 5-mem- 
bered r,ng ligands having said condensed ring may have substituent groups which are hydrocarbon groups having 
1 to 20 carbon atoms, silicon-containing hydrocarbon groups having 1 to 20 carbon atoms, oxygen^ontaininq 
hydrocarbon groups having 1 to 20 carbon atoms, amino groups, nitrogen^on.aining hydrocarbon groups having 
1 to 20 carbon atoms, phosphorus-containing hydrocarbon groups having 1 to 20 carbon atoms. boron<:onta.ninq 
hydrocarbon groups having 1 to 20 carbon atoms, sulfur-conta.ning hydrocarbon groups having 1 ,o 20 carbon 
atoms, halogen atoms, or halogenated hydrocarbon groups having 1 to 20 carbon atoms; and Q is a bridging group 
of the two 5-membered rings, and is a divalent hydrocarbon group having 1 to 20 carbon atoms a divalent halo- 
genated hydrocarbon group having 1 to 20 carbon atoms, a silylene or an oligosilylene group which may have a 
hydrocarbon group or halogenated hydrocarbon group having 1 to 20 carbon atoms or a germylene group which 
may have a hydrocarbon group or halogenated hydrocarbon group having 1 to 20 carbon atoms. 

A catalyst according to claim 1 , wherein both of the conjugate 5-membered ring ligands A' and A* of the transition 
metal compound (A) represented by the general formula (I) have a 7- to 10-membered condensed ring. 

A catalyst according to claim 1, wherein the metal M of the transition metal compound (A) represented by the 
general formula (I) is selected from the group consisting of transition metals belonging to Group 4 of the Periodic 
Table. 

A catalyst according to claim 1, wherein the metal M of the transition metal compound (A) represented by the 
general formula (I) is zirconium. y 

A catalyst according to claim 1, wherein the metal M of the transition metal compound (A) represented by the 
general formula (I) is hafnium. y 

A catalyst according to claim 1, wherein said transition metal compound (A) is a compound represented by the 
general formula (II): ^ y 




(ID 
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wherein R 1 , R 2 R 4 and R 5 are independently a hydrogen atom, a hydrocarbon group having 1 to 10 carbon atoms, 
a silicon-containing hydrocarbon group having 1 to 18 carbon atoms or halogenated hydrocarbon group having 1 
to 18 carbon atoms; R 3 and R 6 are independently a saturated or unsaturated divalent hydrocarbon group having 
3 to 10 carbon atoms, which forms a condensed ring in cooperation with each of 5-membered rings to which R 3 

5 and R 6 are respectively bonded, with the proviso that at least one of R 3 and R 6 has 5 to 8 carbon atoms and forms 

a 7- to 1 0-membered condensed ring having at least one unsaturated bond derived from R 3 or R 6 ; R 7 and R B are 
independently a hydrocarbon group having 1 to 20 carbon atoms, a halogenated hydrocarbon group having 1 to 
20 carbon atoms, an oxygen-containing hydrocarbon group having 1 to 20 carbon atoms, an amino group, a ni- 
trogen-containing hydrocarbon group having 1 to 20 carbon atoms or a sulfur-containing hydrocarbon group having 

io i to 20 carbon atoms with the proviso that at least one of R 7 and R 6 is the halogenated hydrocarbon group having 

1 to 20 carbon atoms; m and n are independently an integer of 0 to 20 with the proviso that m and n are not 0 at 
the same time; Q is a bridging group of the two 5-membered rings, and is a divalent hydrocarbon group having 1 
to 20 carbon atoms, a divalent halogenated hydrocarbon group having 1 to 20 carbon atoms, a silylene or an 
oligosilylene group which may have a hydrocarbon group or halogenated hydrocarbon group having 1 to 20 carbon 

is atoms or a germylene group which may have a hydrocarbon group or halogenated hydrocarbon group having 1 

to 20 carbon atoms; X and Y are independently a hydrogen atom, a halogen atom, a hydrocarbon group having 
1 to 20 carbon atoms, a silicon-containing hydrocarbon group having 1 to 20 carbon atoms, a halogenated hydro- 
carbon group having 1 to 20 carbon atoms, an oxygen-containing hydrocarbon group having 1 to 20 carbon atoms, 
an amino group or a nitrogen-containing hydrocarbon group having 1 to 20 carbon atoms; and M is a transition 

20 metal selected from the group consisting of elements belonging to Group 4-6 of the Periodic Table. 

9. A catalyst according to claim 8, wherein at least one of R 3 and R 6 of the transition metal compound represented 
by the general formula (II) forms a 7-membered condensed ring having at least one unsaturated bond derived 
from R 3 or R 6 . 

25 

10. A catalyst according to claim 8, wherein at least one of R 7 and R 8 of the transition metal compound represented 
by the general formula (II) is a halogenated aryl group or an aryl group substituted with halogenated hydrocarbon 
group(s). 

30 11. A catalyst according to claim 1, wherein said transition metal compound (A) is a compound represented by the 
general formula (III): 



35 



40 



45 



50 




(III) 



wherein R\ R 2 , R 4 , R 5 , Q t X, and M have the same meanings as defined in the above general formula (II); R 9 , 
pio rh R12 ( ri3 ( R14 ri5 anc j R16 are independently a hydrocarbon group having 1 to 20 carbon atoms or a 
55 halogenated hydrocarbon group having 1 to 20 carbon atoms; and Ar is an aryl group which may be substituted, 

with the proviso that at least one of the two 7-membered rings is bonded to the halogenated hydrocarbon group 
having 1 to 20 carbon atoms. 
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12. A catalyst according to claim 1, wherein said transit.on metal compound (A) is a compound represented by the 
general formula (IV): y 



R 7 m 




R 8 n 

(IV) 

wherein R 1 and R« are independently a hydrocarbon group having 7 to 12 carbon atoms, a silicon^ontaininq 
hydrocarbon group having 8 to 18 carbon atoms or a halogenated hydrocarbon group having 7 to 12 carbon atoms' 
RZ and RS are independently a hydrogen atom, a hydrocarbon group having 1 to 10 carbon atoms a silicon- 
contammg hydrocarbon group hav.ng 1 to 18 carbon atoms or a halogenated hydrocarbon group having 1 to 18 
carbon atoms; R3 and R* are independently a saturated or unsaturated divalent hydrocarbon group having 3 to 
10 carbon atoms and forms a condensed ring in cooperation with 5-membered rings to which R3 and R* are 
respectively bonded, with the proviso that at least one of R3 and R* has 5 to 10 carbon atoms and forms a 7- to 
10-membered condensed ring having at least one unsaturated bond derived from R? or R6- R? and R 8 are inde- 
pendently a hydrocarbon group having 1 to 20 carbon atoms, an oxygen-containing hydrocarbon group having 1 
lo 20 carbon atoms, an amino group, a nitrogen-containing hydrocarbon group having 1 to 20 carbon atoms or a 
sulfur-containing hydrocarbon group having 1 lo 20 carbon atoms; m and n are independent an integer of 0 to 
20 with the proviso that m and n are not 0 at the same time, and when m or n is an integer of not less than 2 the 
R or the Re may be bonded to each other to form a ring; Q is a bridging group of the two 5-membered rings and 
is a divalent hydrocarbon group having 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group having 
1 to 20 carbon atoms, a s.lylene or an oligosilylene group which may be substituted with a hydrocarbon group 
having 1 to 20 carbon atoms or a halogenated hydrocarbon group having 1 to 20 carbon atoms, or a germylene 
group which may be substituted with a hydrocarbon group having 1 to 20 carbon atoms or a halogenated hydro- 
carbon group having 1 to 20 carbon atoms, X and Y are independently a hydrogen atom, a halogen atom a 
hydrocarbon group having 1 to 20 carbon atoms, a silicon<;ontaining hydrocarbon group having 1 to 20 carbon 
atoms, a halogenated hydrocarbon group having 1 to 20 carbon atoms, an oxygen-containing hydrocarbon group 
having 1 to 20 carbon atoms, an amino group or a nitrogen-containing hydrocarbon group having 1 to 20 carbon 
atoms; and M is a transition metal selected from the group consisting of elements belonging to Group 4-6 of the 
Periodic Table. 



A catalyst according to claim 1, wherein said transition metal compound (A) is a compound represented by the 
general formula (V). ' 
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w 



15 




(V). 



20 



25 
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35 



40 



45 



wherein R 1 and R 4 are independently a hydrocarbon group having 7 to 12 carbon atoms, a silicon-containing 
hydrocarbon group having 8 to 1 B carbon atoms or a halogenated hydrocarbon group having 7 to 1 2 carbon atoms; 
R 2 and R 5 are independently a hydrogen atom, a hydrocarbon group having 1 to 10 carbon atoms, a silicon- 
containing hydrocarbon group having 1 to 18 carbon atoms or a halogenated hydrocarbon group having 1 to 18 
carbon atoms; R 3 and R 6 are independently a saturated or unsaturated divalent hydrocarbon group having 3 to 
10 carbon atoms and forms a condensed ring in cooperation with 5-membered rings to which R 3 and R 6 are 
respectively bonded, with the proviso that at least one of R 3 and R 6 has 5 to 10 carbon atoms and forms a 7- to 
10-membered condensed ring having at least one unsaturated bond derived from R 3 or R 6 ; R 7 and R 8 are inde- 
pendently a hydrocarbon group having 1 to 20 carbon atoms, an oxygen-containing hydrocarbon group having 1 
to 20 carbon atoms, an amino group, a nitrogen-containing hydrocarbon group having 1 to 20 carbon atoms or a 
sulfur-containing hydrocarbon group having 1 to 20 carbon atoms; m and n are independently an integer of 0 to 
20 with the proviso that m and n are not 0 at the same time, and when m or n is an integer of not less than 2, the 
R 7 or the R 8 may be bonded to each other to form a ring; Q is a bridging group of the two 5-membered rings, and 
is a divalent hydrocarbon group having 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group having 
1 to 20 carbon atoms, a silylene or an oligosilylene group which may be substituted with a hydrocarbon group 
having 1 to 20 carbon atoms or a halogenated hydrocarbon group having 1 to 20 carbon atoms, or a germylene 
group which may be substituted with a hydrocarbon group having 1 to 20 carbon atoms or a halogenated hydro- 
carbon group having 1 to 20 carbon atoms; X and Y are independently a hydrogen atom, a halogen atom, a 
hydrocarbon group having 1 to 20 carbon atoms, a silicon-containing hydrocarbon group having 1 to 20 carbon 
atoms, a halogenated hydrocarbon group having 1 to 20 carbon atoms, an oxygen-containing hydrocarbon group 
having 1 to 20 carbon atoms, an amino group or a nitrogen-containing hydrocarbon group having 1 to 20 carbon 
atoms; and M is a transition metal selected from the group consisting of elements belonging to Group 4-6 of the 
Periodic Table. 



14. A catalyst according to claim l 
general formula (VI): 



wherein said transition metal compound (A) is a compound represented by the 



50 
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R 8 n 



(VI) 



wherein FP, R*. R 4 and R* are independently a hydrogen atom, a hydrocarbon group having 1 to 10 carbon atoms 
a s,licon-conta,n,ng hydrocarbon group having 1 to 18 carbon atoms or a halogenated hydrocarbon group having 
1 to 1 8 carbon atoms; R3 and R* are independently a saturated or unsaturated divalent hydrocarbon group having 
3 to 10 carbon atoms and forms a condensed ring in cooperation with 5-membered rings to which R3 and R° are 
respectively bonded, with the proviso that at least one ot R3 and R* has 5 to 8 carbon atoms and forms a 7-to 
10-membered condensed ring having at least one unsaturated bond derived from R3 or R6 R7 and R« are inde 
pendently a hydrocarbon group having 1 to 20 carbon atoms, an oxygen-containing hydrocarbon group having 1 
to 20 carbon atoms, an ammo group, a nitrogen-containing hydrocarbon group having 1 to 20 carbon atoms or a 
sulfur-containmg hydrocarbon group having 1 to 20 carbon atoms; Q is a silicon atom, a germanium atom or a tin 
atom; A is a divalent unsaturated hydrocarbon group having 3 to 1 2 carbon atoms and forms a ring in cooperation 
with the Q to which A is bonded; R a is a saturated or unsaturated hydrocarbon group having 1 to 1 0 carbon atorrr 
m and n are independently an integer of 0 to 20 with the proviso that m and n are not 0 at the same time that 
when norms an integer of not less than 2 the R 7 or the R8 may be bonded to each other to form a ring 1 is an 
integer of 0 to 22, when 1 is an integer of not less than 2, the Ra may be bonded to each other to form a ring X 
and Y are independently a hydrogen atom, a halogen atom, a hydrocarbon group having 1 to 20 carbon atoms a 
silicon-containing hydrocarbon group having 1 to 20 carbon atoms, a halogenated hydrocarbon group having 1 'to 
20 carbon atoms, an oxygen-containing hydrocarbon group having 1 to 20 carbon atoms, an amino group or a 
nitrogen-containing hydrocarbon group having 1 to 20 carbon atoms; and M is a transition metal selected from the 
group consisting of elements belonging to Group 4-6 of the Periodic Table. 

A catalyst according to any one of claims 1 to 7, wherein said organoaluminum compound (C) is represented bv 
the general formula (VII): ' 



AIR a P 3-a (VII) 

wherein R is a hydrocarbon group having 1 to 20 carbon atoms; P is a hydrogen atom, a halogen atom an alkoxy 
group or a siloxy group; and a is a number satisfying 0<a<3. 

A catalyst loi polymerization ol a-olefin, which comprises: 

an essential component (A) of a transition metal compound; 

an essential component (D)of an aluminumoxy compound; an bnic compound capable of reacting with the 
component (A) so as to convert the component (A) to a cation, or a Lewis acid; and 
an optional component (E) of a fine particle carrier, 

said component (A) being represented by the above-mentioned general formula (II), general formula (III), 
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general formula (IV), general formula (V) or general formula (VI). 

17. A process for producing a polymer of a-olefin, comprising contacting the catalyst as defined in claim 1 or claim 16 
with a-olefin to conduct polymerization or copolymerization of a-olefin. 

18. A transition metal compound represented by any of general formulae (II), (III), (IV), (V) and (VI). 

19. A catalyst component comprising a transition metal compound according to claim 18. 
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